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"  You  go  not  till  I  set  you  up  a  glass, 
Where  you  may  see  the  inmost  parts  of  you." 

Hamlet,  Act  III.  Sceixe  IV. 


''In  wonder  all  philosophy  began,  in  wonder 
it  ends,  and  admiration  fills  up  the  interspace ;  but 
the  first  wonder  is  the  o£kpring  of  ignorance,  the 
last  is  the  parent  of  adoration.*' 

COLERIDOB. 


PREFACE 


The  object  of  this  book,  as  indicated  by  its  titlo,  i8  to  present, 
clearly  and  concisely,  the  more  important  facta  pertiLioing  to  electro- 
tlierapeulics  and  the  Kiiutgen  rays.  S^otwithstaiidiiig  the  many  valuable 
and  importa.ut  treatises  extant  on  both  these  subjects,  the  author  has 
keeuly  felt  the  need  of  something  more,  and  lie  has  endeavored  to  offer, 
in  a  condensed  but  comprehensive  nia,iiner,  the  theories  and  applications 
of  electrical  energy,  in  its  various  forms,  to  the  domain  of  medicine. 

The  initial  portiou  of  the  work  is  devoteil  to  t!ie  subject  of  electro- 
therapeutics, whose  compendious  character,  it  is  believed,  will  appeal 
to  the  practical  physician.  Beginning  with  the  definition  of  electrical 
terms,  this  division  of  the  work  gradually  leads  the  reader  to  an  elaborate 
description  of  high-frequency  currents,  whicli  have  re^^ntly  opened  up  so 
fertile  and  promising  a  field.  As  in  other  portions  of  the  volume,  the 
introduction  of  debatable  questions  and  mathematical  formulas  has  been 
studiously  avoided,  and  no  space  has  been  encumbered  with  the  recital 
of  foncifnl  theories  or  those  of  a  controversial  nature. 

An  exhaustive  study  of  the  Rontgen  rays  follows.  The  author  has 
bestowed  much  care  to  a  description  of  the  apparatus  employed,  believing 
that  its  thorough  mastery  is  essential  to  a  complete  understanding  of  the 
Bobjettt.  The  technic  of  nidio-phott^raphy  is  treated  of  at  length,  be- 
cause an  intimate  knowledge  of  this  department  is  indispensable  for  the 
production  of  successful  skiagraphs,  and  if  the  chapter  on  stereo-skia- 
graphy  seems  extensive,  it  is  dne  to  the  fact  that  the  autlior  regards  the 
snbject  as  one  of  constantly  growing  importance.  A  word  regarding 
X-ray  dosage-  Lack  of  a  standai-d  unit  of  measurement  in  X-ray  therapy 
has  compelled  the  lengthy  discussion  of  the  vai-ious  methods  in  vogue.  It 
i-s  believed,  however,  that  this  is  a  valuable  addition  to  the  work,  and 
may  perhai>3  prove  a  convenience  to  many,  who  find  the  literature  on 
this  subject  to  be  widely  scattered.  Much  thought  has  been  bestowed  on 
the  technic  of  dental  skiiigraphy,  and  the  same  may  be  said  of  the  chapter 
on  the  localization  of  foreign  bodies.  With  an  experience  of  more  than 
eight  thousand  cases  under  his  immediate  study  and  care,  the  author  has 
preferred,  wherever  possible,  to  introduce  and  quote  the  views  of  his 
confrfer^  rather  than  to  obtrude  his  own  opinions  as  the  only  ones  accept- 
able. Because  of  the  importance  of  the  subject,  much  space  has  been 
aasigned  to  a  study  of  the  cathode  rays,  and  to  the  terse  and  elegant 
description  of  the  Biiotgeu  rays,  so  simply  told  by  E<>ntgen  and  so  faith- 
fully translated  by  Professor  Barker  for  Harper  and  Brothers. 


iv  PREFACE. 

The  therapeutic  value  aud  the  limitations  of  radium  aie  being  thor- 
oughly investigated,  aud  it  is  still  too  early  to  assign  any  definite  place  to 
this  remarkable  agent  in  the  practice  of  medicine.  A  space,  all  too 
brief,  is  allotted  to  the  study  of  phototherapy,  and  to  the  memorable 
discoveries  which  the  genius  of  Finsen  bequeathed  to  science. 

A  striking  feature,  which  will  materially  add  to  whatever  merit  the 
work  may  possess,  is  the  introduction,  in  its  final  pages,  of  a  study  of  the 
technic  employed  and  the  remarks  made  by  many  of  the  leading  expo- 
nents of  Rontgen  therapy  both  in  this  country  and  in  Europe. 

In  the  dei^artnient  of  electro- therapeutics  the  author  has  freely  con- 
sulted the  works  of  Rockwell,  H.  Lewis  Jones,  Erb,  Hedley,  and  Snow. 

In  the  portion  devoted  to  the  Rontgen  rays  he  has  referred  to  the 
treatises  of  Caldwell  and  Pusey,  F.  Williams,  Freund,  Bouchard,  Isen- 
thal  and  Ward,  and  Hyndman. 

I  wish  gratefully  to  acknowledge  my  indebtedness  to  Dr.  Samuel 
Lewald,  of  this  city,  who,  by  his  literary  skill  and  unceasing  interest  in 
the  preparation  of  the  jiresent  volume,  has  greatly  lightened  the  labor  of 
it.  A  word  of  thanks  is  due  my  colleagues  Drs.  Charles  L.  Leonard  and 
William  M.  Sweet ;  the  former  for  many  suggestions,  the  latter  for 
valuable  advice  in  regard  to  the  chapter  on  localization.  Mr.  H.  C. 
Snook  very  kindly  offered  several  practical  hints  on  the  X-ray  apparatus. 
I  am  only  too  conscious-  of  the  courtesies  shown  me  by  Dr.  Francis  R. 
Packard,  the  editor  of  Lippincott's  Xew  Medical  Series. 

In  conclusion,  it  seems  fitting  to  remark  that  to  his  friends  and  to  the 
many  friends  of  science,  who  have  urged  him  on,  and  encouraged  him  to 
the  consummation  of  the  present  volume,  the  author  feels  profoundly 
grateful. 

MlHKAN   ;K.    KASSABIAN. 
Professional  Building, 

Philadelphia,  Pa.,  June,  1907. 
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HISTORICAL  SKETCH  OF  THE  RISE  OF  ELECTRICITY 

In  tlie  remotest  i>eriods  of  the  world's  liialory,  when  legend,  myth, 
and  fact  were  inseparably  connected,  the  phenomeoa  of  electricity  were 
regarded  as  symbolic  of  some  special  deity  and  formed  the  basis  of  a  na- 
tional faith.  The  philosophers  of  Greece  wonld  bow  in  veneration  at  the 
sonnd  of  the  thnnderbolt.  and  in  Rome  the  ominous  herald  of  the  storm 
would  silence  the  orator  iu  the  Forum.  Indeed,  to  enumerate  the  mean- 
ings and  the  altributes  ascribed  to  the  lightning  flash  and  to  the  reverber- 
ating thnuder  woold  l>e  to  rewrite  a  lengthy  and  absorbing  chapter  from 
the  pages  of  mythology. 

But  in  the  midst  of  all  this  myth  and  8ui>erstition, — this  era  of  the 
legendary  period, — arose  Thalea  of  Miletus,  whose  profound  knowledge 
of  science  and  metaphysics  liad  challenged  the  admiration  of  the  famous 
Phoenician  voyagera.  These  intrepid  navigators  were  accustomed  to 
sailing  the  straits  of  Hercules  in  order  to  reach  the  Baltic  Sea,  and  from 
its  desolate  waters  they  would  seize  a  delicate  substance,  fair  in  color, 
and  beautiful  iu  transparency.  To  Thales  this  strange  creation  of  nature 
had  mysterious  propeities.  He  named  this  precious  find  electron  or  am- 
ber, and  ho  blazed  the  way  for  future  knowledge  in  discovering  that  when 
electron  was  rubbed  it  i»ossessed  the  property  of  attracting  to  itself  vari- 
ous light  articles.  Thn«  huudrwl  years  later  Theopliraatus  enlarged 
upon  the  teaching  of  Thales  and  conferred  the  name  of  "animated  gem" 
upon  this  beautiful  product  of  the  northern  seas.  Pliny  followed  with 
otlier  learned  dissertations  ;  and  llius  through  ages  the  mysterious  electron 
eunfounded  the  minds  of  philosophers,  never  once  intimating  that  the 
secrets  hidden  in  its  delicate  transparent  substance  were  the  secrets  of 
Indra,  the  Jupiter  of  the  Hindoos,  or  the  teirible  weapon  of  Jupiter 
Tonans  defiantly  passing  o^-er  suppliant  Rt)me.  Centuries  passed.  King- 
doms arose  and  nations  disappeared,  but  the  studies  of  Thalea  were  never 
foi^otten.  Sot  till  the  dawn  of  the  sixteenth  century  was  the  subject 
again  brought  forwanl  upon  a  scientific  battis.  In  1590  Gilbert's  work 
"De  Magnete,"  having  for  its  keynote  the  words:  "Magnus  magnes 
ipse  est  globus  terrestris,"  appesiretl  in  England,  and  the  dlscoveriea 
made  by  this  new  champion  confused  and  terrified  its  readers.  The  super- 
natural seemed  to  envelop  its  pages ;  the  printed  wonls  breathed  of  the 
spiritual.    Bparks  and  flames,  shocks  and  strange  sensations,  pranced  and 
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teased  the  hands  and  bodies  of  hundreds  of  experimenters,  and  the  masses 
of  the  people  were  almost  unanimous  in  declaring  that  electron  was  in- 
vested with  a  soul.  Although  Physician  in  Ordinary  to  Queen  Eliza- 
beth, Gilbert  did  not  attempt  to  apply  the  knowledge  thus  gained  to 
medicine.  His  friend,  the  poet  Dryden,  immortalized  him  in  the  follow- 
ing lines : 

"Gilbert  shall  live  till  lodestones  cease  to  draw 
Or  British  fleets  the  boundless  ocean  awe." 

Such  was  the  birth  of  the  science  of  electricity. 

But  the  magnificent  generalization  made  by  Gilbert  was  but  the 
initial  step  ;  the  scientifically  inquisitive  Otto  von  Guericke  of  Magde- 
burg quite  promptly  gave  to  the  world  a  machine  for  generating  elec- 
tricity, as  useful  at  that  period  as  was  his  indispensable  air-pump.  It 
remained,  however,  for  Stephen  Gray,  in  1730,  to  disclose  the  secrets  so 
deeply  hidden  in  this  mysterious  substance,  and  it  was  he  who  ex- 
pounded the  leading  principles  of  the  science  of  electricity.  Amazed  at 
the  wondrous  achievements  attained  by  these  later  philosophers,  Du  Fay 
and  Xollet  in  France  assiduously  applied  themselves  to  a  study  of  elec- 
trical phenomena.  Du  Fay  suspended  himself  by  a  silken  cord,  and  was 
then  filled  with  electricity  by  Nollet ;  he  presented  his  hand  to  his  com- 
panion, when  a  brilliant  spark  shot  from  hand  to  hand,  a  phenomenon 
that  completely  baffled  the  minds  of  both  these  scientists. 

Shortly  after  this  the  whole  of  Europe  was  awe-struck  by  the  inven- 
tion of  the  Ley  den  jar.  Professor  Musschenbroek  received  its  first  full 
discharge,  and  he  wrote  to  E^aumur  that  he  would  not  suffer  a  second 
such  shock  for  the  whole  kingdom  of  France.  Seizing  upon  this  famous 
discovery,  Franklin  in  Aniericii  invented  a  battery  of  jars  capable  of 
giving  shocks  quite  analogous  to  the  terrifying  powers  of  the  thunder- 
bolt. It  was  Franklin's  contention  that  the  electricity  of  the  earth  and  air 
was  one,  and  it  was  this  x>ositive  conviction  that  awakened  the  derision 
and  evoked  most  painful  sarcasm  from  the  Itoyal  Society  of  London.  Not 
dismayed  by  this  adverse  criticism,  the  pei-sistent  American  philosopher 
constructed  a  silken  kite  containing  an  iron  point.  Attached  to  the  kite 
was  a  liemp  string  endiug  in  a  silken  cord  ;  to  the  latter  was  hung  an  iron 
key.  He  selected  a  rainy  day  in  June,  1752,  for  the  experiment.  Sta- 
tioning himself  on  what  is  now  known  jis  Ridge  Avenue  and  Green 
Street,  in  Philadelphia,  Franklin  flew  his  curious  apparatus  to  the 
breeze.  Suddenly  the  falling  rain  made  the  hemp  string  an  excellent 
conductor,  the  fibres  were  stirred  as  by  a  strange  impulse  ;  he  applied  his 
hand  to  the  key  and  at  once  drew  sparks  from  its  sides.  He  felt  that  he 
had  triumphed  :  he  hfid  seized  the  vagrant  lightning  of  the  storm  !  The 
Royal  Society  of  Loudon  realized  that  a  mighty  scientific  achievement 
had  been  wrought,  and  made  him  a  member  and  awarded  him  their 
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greatest  prize,  and  ho  was  siguiUly  honored  in  Germauy,   France,  and 
Kussia. 

During  the  eighfeeuth  centnry,  the  science  of  electricity  became  one 
of  thti  most  imjMirtaut  ami  interesting  branches  of  knowledge.  In  1790 
Oalvani,  throngh  the  convnLsive  movements  of  a  dead  frog,  hanging  from 
an  iron  balcony,  brought  forward  his  great  discovery  of  galvanism.  The 
immortal  Volta  improved  npou  Galvani's  teachings.  With  the  intro- 
duction of  the  voltaic  pile,  in  ISOO,  his  fame  spread  world-wide,  by  later 
modifications  he  formed  the  beautiful  "La  Couronne  de  Taases,"  the 
model  by  which  to-day  we  flash  our  messages  through  the  fathomless 
oceans.  It  was  more  than  one  hundred  years  after  Gilbert's  time,  that 
electricity  was  first  brought  into  use  as  a  curative  agent.  De  Haen 
(1745),  .lallabert  (17-i8),  and  Abbe  Xollet  (I74!tJ  were  the  first  to  employ 
static  electricity  in  medicine.  In  1758  Benjamin  Franklin  tried  the 
action  of  tlie  electric  current  on  a  number  of  tmndj-tiea  In  1759  the 
Reverend  Johu  Wesley,  the  famous  divine,  published  a  treatise  entitled 
The  Deriderittitm,  or  Electricity  made  Plaiji  and  Useful,  by  a  Lover  of  Man- 
land  and  Common  S^ise.  The  first  records  of  electrical  ti-eatinent  at  a 
London  hospital  are  found  in  the  year  17fi7,  when  a  static  machine  was 
installed  at  the  Middlesex  Hospital,  and  in  1777  another  was  placed  in 
St,  Bartholomew's  Hospitid.  "At  St.  Thomas's  Ilospitiil  the  subject  was 
systematically  pnrsued  by  Mr.  John  Bircli,  the  surgeon ;  and  in  1799 
he  contributed  an  essay  of  fifty  pages  on  medical  electricity  to  John 
Adams's  book.  An  Esmy  on  Eledridty.  The  nineteenth  centtiry  has 
seen  the  frnittj  of  these  great  labors  practically  applied.  To  enumerate 
even  a  tithe  of  the  marvellous  disco\'erie3  and  inventions  that  form 
part  of  our  conveniences,  of  our  necessities,  of  integral  parts  of  our  every- 
day lives,  would  be  merely  to  repeat  an  ofl-told  story — a  story  of  the 
great  triumphs  of  human  achievement. 
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It  has  Iteen  estimated  that  about  12,000  physicians  are  constantly 
using  some  form  of  electricity  in  their  daily  practice.  The  question 
naturally  arises,  Why  doesn't  the  subject  of  medical  electricity  form  part 
of  the  college  curriculum  1  Without  some  theoretical  and  practical 
knowledge  of  the  science,  how  can  the  physician  hope  to  apply  a  current 
intelligently  or  know  when  its  application  is  advantageous!  Is  not  this 
ignorance  of  its  principles  and  practical  workings  responsible  for  its  being 
classed  in  the  charlatan's  armamentarium  and  its  administrator  desig- 
nated a  (juiwik  T  To  understand  medical  electricity  the  tyro  must  begin 
in  the  laboratory.  He  must  there  study  the  physics  of  electricity  and 
magnetism ;   he  must  study  electrical   appliances  for  creating  energy. 
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Besides  these  things  he  should  diligently  inquire  as  to  the  resistances 
encoaniered  in  the  homan  body,  the  electrolysis  resulting  in  living  tissues, 
the  range  of  voltage,  etc.  He  needs  to  be  trained  especially  in  what  may 
be  termed  the  physiological  action  of  the  various  currents  and  their 
therapeutic  values.  Indeed,  if  but  one  hour  daily  for  a  single  term  be 
devoted  to  the  study  of  the  mechanism  of  the  apparatus,  to  the  connection 
of  the  wires,  the  nature  of  the  current,  etc.,  and  a  corresponding  limited 
number  of  hours  be  devoted  in  a  succeeding  term  to  the  therapeutic 
application  of  the  science,  it  is  more  than  likely  that  a  correct  apprecia- 
tion of  the  study  will  be  meted  out  to  it,  and  the  professed  sx>ecialists 
who  are  now  duping  the  unwary  would  be  forced  to  retire  ignominiously 
from  the  field. 
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THE  ELEMENTARY  PRINCIPLES  OF  ELECTRICITY  AND 

MAGNETISM. 

In  the  following  paragraphs  an  effort  has  been  made  to  present,  in  a 
space  succinct  yet  commensurate  with  the  importance  of  the  subject,  the 
underlying  principles  of  electricity  and  magnetism,  embracing  the  more 
usual  terms,  tables  of  units,  sources  of  energy,  and  the  fundamentals  of 
the  science  necessary  to  an  understanding  of  its  application  to  medicine 
and  surgery.  Clearness  of  expression  has  been  aimed  at  rather  than  a 
detailed  scientific  and  mathematical  exposition  of  every  term  employed. 
Those  interested  in  a  more  elaborate  study  of  these  principles  are  referred 
to  the  standard  works  on  natural  philosophy  and  electricity. 

I.  Nature  and  Properties  of  Magnetism. 

The  nature  of  magnetism  is  more  or  less  closely  allied  to  that  of  elec- 
tricity. The  term  '' magnet"  is  8upjK)sed  to  originate  from  the  Greek 
word  '^Magnesia,"  a  principality  of  ancient  Greece,  where  deposits  of 
magnetite  were  first  discovered.  Chemically  this  is  known  as  magnetic 
iron  ore  (Fe304). 

Magnets  are  of  two  kinds  : 

(a)  Natural, 

(b)  Artificial, 

Exjxeriments  have  demonstrated  that,  when  steel  bars  are  applied  to 
lodestones  or  other  magnets,  they  become  magnetized,  and  the  original 
magnet  suffers  no  loss  of  magnetic  property.  Magnets  made  in  this 
manner  are  called  *' artificial  magnets."  The  original  lodestones,  from 
their  inherent  magnetic  properties,  are  designated  ^^  natural  magnets." 
Chemically  the  substance  is  known  as  ^'magnetite." 
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Magnetism  may  he  temporary  or  permanent.  Temporary  magnetism 
is  magnetism  remaining  only  for  a  short  time,  as  in  soft  iron. 

Permanent  magnetism,  sis  the  name  indicates,  x>ermanently  resides 
in  tlie  magnet,  jus  in  steel. 

Electro-mag  NETS. 

When  a  bar  of  soft  iron  has  wound  around  it  a  coil  of  wire  for  the 
purpose  of  establishing  a  magnetic  field,  we  obtain  an  electro-magnet. 
Soft  iron  is  almost  universjdly  employed  in  the  manufacture  of  electro- 
magnets. The  use  of  hard  steel  with  a  simihir  strength  of  current  yields 
far  less  miignetic  force. 

II.  Nature  and  Properties  of  Electricity. 

Electricity  fderivt*d  from  the  Gn^k  ^A£xr/><>v,  amber)  is  the  tena 
applied  to  a  certain  invisil)le  agent  known  to  us  only  through  its  peculiar 
behavior.  The  earlv  scientists  held  that  electricity  was  a  fluid  ;  later  ex- 
periments  tended  to  show  that  it  behaved  like  an  incompressible  liquid, 
and  in  other  ways  resembltKl  a  gas  highly  attenuated  and  without  weight. 
In  the  light  of  p^^sent  knowledge,  the  fluid  theories  have  been  abandoned, 
and  it  is  now  generally  accepted  that  the  pecidiar  phenomena  are  the  re- 
sult of  some  strain  or  other  action  in  the  ether,  the  latter  being  supposedly 
a  fluid  medium  that  exists  in  all  parts  of  the  universe — in  gases,  solids, 
and  liquids. 

A.  Theory  of  Potential. 

The  laws  which  concern  the  magnitude  and  measurement  of  electrical 
quantities  are  very  difficult  to  explain.  That  ])ranch  of  electrical  science 
dealing  with  the  measurements  of  electrical  charges  is  calle<l  c^cfro-«/a//c«. 
Many  of  the  less  ccmiplicated  electrical  i>henoinena  may  be  conveniently 
illustrated  by  the  action  of  fluids,  though  it  must  be  remembereil  that 
such  comparisons  are  only  relative,  and  intnxluced  to  facilitate  the  easy 
nuistering  of  electricity.  Electrical  potential,  or  electro- motive  force  (writ- 
ten thus — E.  M.  F. ),  is  that  property  i)ossessed  by  a  body  by  means  of 
which  an  ch^ctric  curix»nt  is  enabled  to  pass  from  it^  through  some 
other  medium,  into  another  ])ody.  In  order  to  simplify  the  theory  of 
potential,  it  is  ess^^ntial  to  n<jtice  the  elementary  laws  governing  elec*trical 
force. 

Hydraulic  Analogy. — In  order  to  simplify  the  term  ''potential," 
let  us  assume  thr  following  analogy  ])etw(»eu  electricity  and  water. 
Let  us  sui)iK)s<^  two  res<»rvoii*s  (both  partly  filled  with  water)  at  diflerent 
levels  and  connected  with  each  otlier  bv  means  of  tubing.  Evidentlv  the 
water  in  the  res<»rvoir  jilaced  at  the  liigher  level  will  flow  through  the 
pipe  into  the  lower  reservoir.     The  flow  is  due  to  diflerence  in  levels 
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producing  pressure  (or  motive  force),  measured  by  the  difference  in  alti- 
tude (or  potential)  between  the  water  contained  in  the  two  reservoirs. 
\Mien  the  two  reservoirs  are  placed  at  the  same  level,  no  difference  in 
pressure  will  exist ;  hence,  no  water  will  flow  from  the  one  reservoir  to 
the  other.  If  we  substitute  the  word  *^ potential"  for  ^4evel,"  we  then 
employ  the  common  electrical  term. 

Imagine  two  charged  bodies  to  be  coimei»ted  with  each  other  by  wire  ; 
a  flow  of  current  takes  place  from  the  positive  to  the  negative  charged 
body  ;  this  is  possible  because  of  a  difference  in  the  potential  in  the  two 
bodies.  Allowing  that  the  positive  charged  body  is  at  a  higher  potential 
(or  level )  than  the  one  charged  negatively,  we  must  state  that  the  flow  of 
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Fio.  1.— Electrical  units  illustrated  by  means  of  the  hydraulic  analogy.    (Hedley.) 

current  results  from  the  difference  in  the  potentials,  thus  creating  an  elec- 
trical pressure  or  electro-motive  force.  The  fact  that  there  is  a  flow  of 
current  from  a  higher  to  a  lower  potential  must  not  be  overlooked.  From 
the  foregoing  remarks  it  may  be  assumed  that  no  flow  of  current  Uikes 
place  between  the  bodies  when  they  are  at  equal  potentials.  Whenever 
a  stream  of  water  falls  from  a  higher  to  a  lower  level,  it  will  perform  a 
certain  amount  of  work  in  its  course  downward, — i.  ^.,  it  has  acquired  a 
certain  amount  of  potential  force,  and,  besides,  the  difference  of  level  can- 
not be  restored  without  expending  a  certain  amount  of  work.  For  every 
pound  of  water  that  is  lifted  through  a  difference  of  level  equal  to  a  foot, 
one  foot-pound  of  work  is  done,  no  matter  what  the  shape  of  the  i)ath 
may  be  by  which  the  elevation  of  the  water  to  a  higher  level  is  accom- 
plished.    Likewise,  electricity  cannot  be  traiLsferred  from  one  body  to 
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another  at  a  higher  poteutial  without  requiring  a  certain  amount  of  work 
to  be  aocomplishecl.  The  term  i^oteutial,  though  relative,  must  be 
considered  as  meaning  a  force  or  power  to  do  work.  For  instance,  if  we 
lift  a  one-pound  body  live  feet  high  against  the  force  of  gravity,  the 
weight  of  the  pound-body  in  turn  can  accomplish  five  foot-pounds  of 
work  in  falling  to  the  ground.  In  the  strictest  sense  of  the  term,  jwteu- 
tials  are  relative ;  hence  it  is  alwajs  the  difference  of  potential  with 
which  we  are  dealing. 

B.  UxiTH  OF  Electrical  Measurement. 

C.  G.  S.  System. — Electricians  have  universally  agreed  to  adopt  a 
system  of  measui-ement  l>ased  upon  three  fundamental  units :  namely, 
the  centimeter, — the  unit  of  length  :  the  f/ramme, — the  unit  of  weight  or 
nmss ;  and  the  second, — the  unit  of  time.  All  other  units  are  derived 
from  these  three,  and  are  known  as  derired  units,  one  of  the  most  impor- 
tant of  these  Ixnng  the  unit  of  force,  called  the  dyne.  The  dyne  is  that 
force  which  when  acting  for  one  sei'ond  of  time  on  a  mass  of  one  gramme 
conveys  to  it  a  velo(*ity  of  one  centimeter  per  second. 

(a)  Electro-static  Units. — (I)  The  unit  of  electro -static  quantity  is 
that  quantity  of  electricity  which,  when  i)laced  at  a  distance  of  one  centi- 
meter (in  the  air)  from  a  similar  and  equal  quantity,  repels  it  with  a 
force  equal  to  one  dyne. 

(2)  The  unit  of  electro -static  potential  is  e<|ual  to  the  unit  of  work 
done  in  moving  a  unit  of  i)ositive  electricity  against  the  electric  forces. 

(3)  T\u^  electro -static  unit  of  difference  of  potential  is  that  difference 
existing  l)etween  two  points  when  it  requiivs  the  expenditure  of  one  erg 
of  work  to  bring  a  x^ositive  unit  of  electricity  from  one  i)oint  to  the  other 
against  the  electric  force. 

(4)  The  elrctro- static  nnit  of  capacity  is  that  conductor  which  requii'cs 
a  charge  of  on(*  unit  of  electricity  to  bring  it  up  to  unit  ix)tential. 

To)  Bv  electro-motive  intrnsity  is  meant  the  electric  force  of  intensitv 
of  an  electric  tluid  at  any  x)oint,  l)eing  measured  by  the  force  which  it 
exerts  on  a  unit  charg<»  i)laced  at  that  point. 

(b)  Magnetic  Units. — (1 )  The  unit  magnetic  pole  is  one  of  such  a 
strength  that  when  placed  at  a  distance  of  one  centimeter  (in  the  air) 
from  a  similar  pole  of  e([ual  strength,  repels  it  with  a  force  of  one  dyne. 

(2)  Maynetic  potential  is  nu»asured  by  the  amount  of  work  done  in 
moving  a  unit  magnetic  pole  against  the  magnetic  forces. 

(3)  Unit  differener  of  magnetic  potrntial  exists  l)etween  two  points 
when  it  requir(\s  the  expi^nditure  of  one  erg  of  work  to  bring  a  unit  mag- 
netic pole  from  oni'  i)oint  to  the  other  against  the  magnetic  forces — 
magneto-mot  iv(»  force  being  measured  in  the  stime  units  as  diffeivnce  of 
magnetic  potential. 
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(4)  The  intenmty  of  magnetic  field  is  measured  by  the  force  it  exerts 
npou  a  unit  magnetic  pole  ;  hence, 

(5)  Unit  intensity  of  field  is  that  intensity  of  a  field  which  acts  on  a 
unit  pole  with  a  force  of  one  dyne,  the  term  gauss  having  been  proposed 
for  this  unit. 

(6)  Magnetic  fiiix,  or  total  induction  of  magnetic  lines,  is  equal  to  the 
intensity  of  field  multiplied  by  area — its  unit  being  equal  to  one  magnetic 
line. 

(7)  Magnetic  reluctance  is  the  ratio  of  magneto-motive  force  to  mag- 
netic flux. 

(c)  Electro-magnetic  or**  Absolute  **  C.  G.  S.  Units. — The  pre- 
ceding magnetic  units  give  rise  to  the  following  set  of  electrical  units,  in 
which  the  strength  of  currents,  etc.,  is  expressed  in  magnetic  measure, 
according  to  the  centimeter-gramme-second  system  : 

(a')  A  current  has  a  unit  of  strength  when  one  centimeter  length  of 
its  circuit  bent  into  an  arc  of  one  centimeter  radius  exerts  a  force  of  one 
dyne  of  a  unit  magnet- pole  placed  at  the  centre. 

(b')  Unit  of  difference  of  potential  exists  between  two  points  when  it 
requires  the  expenditure  of  one  erg  of  work  to  bring  a  unit  of  positive 
electricity  from  one  i)oint  to  the  other  against  the  electric  force. 

(<?')  A  conductor  is  said  to  possess  a  unit  resistance  when  unit  differ- 
ence of  potential  between  its  ends  causes  a  current  of  unit  strength  to 
flow  through  it.  • 

(c2')  Unit  of  quantity  of  electricity  is  that  quantity  which  is  conveyed 
by  unit  current  in  one  second. 

(e')  Unit  of  capacity  requires  one  unit  quantity  to  charge  it  to  unit 
potential. 

(/')  ^^*^  ^f  i^i^ion  is  such  that  unit  electro- motive  force  is 
induced  by  the  variation  of  the  current  at  the  rate  of  one  unit  of  current 
per  second. 

(d)  **  Practical  Units  and  Standards.^ — Several  of  the  above 
*  absolute '  units  in  the  C.  G.  S.  system  would  be  inconveniently  large 
and  others  inconveniently  small  for  practical  use.  The  following  are 
therefore  chosen  as  practical  units  : 

*'  (1)  Resistance. — The  Ohm,  =  10*  absolute  units  of  resistance  (and 
theoretically  the  resistance  represented  by  the  velocity  of  one  earth-quad- 
rant per  second)  but  actually  represented  by  the  resistance  of  a  uniform 
column  of  mercury  106.3  centimeters  long  and  14.4521  grammes  in  mass 
at  0*  C.     Such  a  column  of  mercury  is  represented  by  a  *  standard'  ohm. 

'  An  International  Congress  of  Electricians  met  at  the  Columbian  Exposition,  at 
Chicago,  in  1893  for  the  purpose  of  adopting  practical  and  standard  electrical  units. 
These  commissioned  delegates  of  many  countries  agreed  upon  the  following  eight 
definitions  of  terms. 
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^'(2)  Current, — The  Ampere  (formerly  called  the  *weber'), 
=  10—'  absolute  units ;  practically  i*epn\seiited  by  the  current  which 
deposits  silver  at  tlie  rate  of  0.001118  gramme  per  sc*cond. 

''  (3)  Electro-motive  Force, — The  Volt,  -  10-  absolute  units,  is  that 
E.M.F.  which  applied  to  1  ohm  will  produce  in  it  a  current  of  1  ami)ere  ; 
being  |J|J  of  the  E.M.F.  of  a  Chirk  standard  cell  at  15°  C. 

*'  (4)  Quantity, — The  Coulomb,  10'  absolute  units  of  quantity; 
being  the  quantify  of  electricity  conveycnl  by  1  ampere  in  one  second. 

^'(5)  Capacity, — The  Farad,  ^:^  10—**  (ov  one  one-thousand-mill- 
ionth) of  absolute  unit  of  capacity  ;  iKMug  the  capacity  of  a  condenser  such 
as  to  be  changed  to  a  potential  of  1  volt  l>y  1  coulomb.  The  micro-farad 
or  millionth  part  of  1  farad  =  10'^  absolute  units. 

^^  (6)  Work, — The  Joule,  -  10'  absolute  units  of  work  (ergs),  is 
represented  by  energy  expended  in  one  second  by  1  amj^ere  in  1  ohm. 

*^  (7)  Power, — The  Watt,  10"  absolute  units  of  power  (ergs  per 
second),  is  power  of  a  curi^ent  of  1  amj^ere  flowing  under  a  i)ressure  of  1 
volt.  It  is  equal  to  one  joule  i>er  second,  and  is  approximately  ^^  of 
one  horse-power. 

**  (8)  Induction. — The  Henry,  =  10'  absolute  units  of  induction,  is 
the  induction  in  a  circuit  when  the  electro-motive  force  induced  in  this 
circuit  is  1  volt,  while  the  inducing  current  varies  at  the  rate  of  one 
ampere  per  second. 

**  Seeing,  however,  that  quantities  a  million  times  as  great  as  some 
of  these,  and  a  million  times  as  small  lus  some,  have  to  be  measured  by 
electricians,  the  i)refixes  mega-  and  micro-  are  sometimes  used  to  signify 
respectively  ^one  million'  and  *one  millionth  part.'  Thus,  a  megohm  is 
a  resistance  of  one  million  ohms,  a  microfarad  a  capacity'  ^^  TTrTriTnrir  ^^  * 
farad,  etc.  The  prefix  kilo-  is  used  for  '  one  thoiLsand '  and  milli-  for  *  one 
thousandth  part'  ;  thus,  a  kilowatt  is  1000  watts,  and  milliamx)er€  is  the 
thousandth  part  of  1  ampere. 

*^The  'practical'  system  may  be  regarded  as  a  system  of  units 
derived  not  from  the  fundamental  units  of  centimeter,  gramme^  and«f*co/wl, 
but  from  a  system  in  which,  whih*  the  unit  of  time  remains  the  second, 
the  units  of  length  and  mass  are  respectively  the  earth -quadrant  and 
10"  grammes.''  ' 

C.  Definitions  and  Equations. 

We  are  now  prepared  to  foUow  our  analogy  in  the  comparison  be- 
tween the  flow  of  water  in  a  tube  and  tlie  tlow  of  the  electric  current. 
The  first  i^rinciplc  to  demand  attention  is  that  of  conductivity. 

Conductivity. — I^pon  the  size  and  construction  of  a  pipe  depends  the 
amount  of  energy  required  to  propel  water  thi'ongh  it.     A  pipe  that  has 

*  Elementary  Lesj^uiis  in  Electricity  and  MngnetLsni. — Sylvanus  Thompson. 
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a  smooth  iuner  surface  conducts  water  more  readily  and  with  less  loss  of 
energy  than  one  whose  size  is  the  same  but  has  a  rough  iuner  surface. 
Similarly  does  the  flow  of  electricity  depend  upon  the  size  and  material 
of  which  the  conducting  medium  is  composed.  An  electric  current  flows 
through  the  entire  cross-section  of  a  conductor,  so  that  the  resistance 
offered  is  uniform  throughout  the  material.  Diffei*ent  materials  conduct 
electricity  differently,  so  that  we  speak  of  their  relative  powers  as  their 
conductivities. 

Resistance:  Ohm-s  Law, — When  forcing  water  through  a  pipe  by 
means  of  pump  i)ressure,  the  flowing  stream  is  proportional  to  the  pres- 
sure divided  by  the  resistance.  Tho  resistance  is  the  result  of  friction. 
This  applies  to  an  electric  current,  the  current  strength  being  equal  to  the 
electro-motive  force  divided  by  the  resistance  and  inversely  as  the  resist- 
ance of  the  circuit ;  in  other  words,  anything  that  makes  the  E.  M.  F. 
acting  in  the  circuit  greater  will  increase  the  current,  while  anything 
that  increases  the  resistance  (either  the  internal  resistance  in  the  source  of 
E.M.F.  itself,  or  the  resistance  of  the  external  wires  of  the  circuit)  will 
diminish  the  current.   This  is  Ohm's  law,  and  is  frequently  expressed  thus : 

Volt  E.  M.  F.  Electro-motive  Force 

Ampere    —    r=    C    =    =    Current    -     

Ohm  R  Resistance. 

True  electrical  resistance  dex)ends  upon  the  nature  of  the  metal  of  which 
the  conductor  is  composed,  the  area  or  diameter  of  its  cross-section,  its 
length,  and  lastly  upon  its  temx)erature.  ^^The  greater  the  cross-section 
of  a  conductor  the  greater  is  its  electrical  conducting  power,  and  there- 
fore the  less  is  its  resistance ;  and  the  longer  the  wire  the  less  is  its 
conducting  power,  and  therefore  the  greater  is  its  resistance." 

The  relations  of  the  above  units  may  be  expressed  as  follows  : 

1  volt  X  1  ampere =  1  watt 

1  volt  -T-  1  ohm ==  1  ampere 

1  ampere  x  1  ohm =:  1  volt 

1  ampere  x  1  second  x  1  ohm --~  1  joule 

1  ampere  x  1  second ^^  1  coulomb 

III.  Sources  of  Electrical  Energy. 

The  energy  required  for  producing  the  electric  current  may  be 
derived  from 

A.  Static  1 

>  electricity. 


B.  Galvanic 

C.  Dynamic 

D.  Thermal       j 


A.  Static  electricity  will  be  discussed  in  the  chapter  on  the  Eontgen- 
ray  apparatus. 
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B.  The  Galvanic  Current. 

(a)  Primary  batteries  consist  of  a  series  of  cells  containing  a  cor- 
rosive fluid,  called  the  electrolyte,  in  which  are  two  immersed  dissimilar 
metals.  The  employment  of  the  galvanic  current,  however,  is  not  prac- 
tical in  X-ray  work,  owing  to  the  necessity  of  employing  large  numbers 
of  cells  and  the  tedious  and  unpleasant  labor  occasioned  by  their  use. 
The  most  reliable  of  these  cells  are  the  Bunsen  and  the  Daniell.  The 
latter  cell  is  recognize<l  as  a  standard,  the  pressure  of  one  of  the  cells 
being  equivalent  to  one  volt  (approximately).  These  cells  may  be  con- 
nected in  one  of  three  ways  : 

1.  In  series. 

2.  In  parallel. 

3.  In  groups. 

(1)  Series. — In  order  to  obtain  the  highest  E.  M.  F.  (voltage)  it  is 
necessary  to  connect  the  cells  in  *' series: "  in  other  words,  the  negative 
pole  of  the  first  cell  is  connected  with  the  positive  pole  of  the  second 
cell,  the  negative  pole  of  the  second  cell  with  the  positive  pole  of  the 
third  cell  (and  so  on),  and  the  free  negative  and  free  positive  poles  of  the 
first  and  last  cells  form  the  ends  or  terminals  of  the  "battery."  In 
such  an  arrangement  the  E.  M.  F.  resulting  is  equal  to  the  sum  of  the 
B.  M.  F.  of  the  individual  cells.     (Fig.  2.) 
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Fig.  2.— Connection  of  the  cells  in  "series." 


(2)  Parallel, — In  order  to  obtain  increased  current  strength 
(amperage)  the  cells  are  connected  in  a  manner  known  as  the  "  parallel" 
plan  (Fig.  3),  thus :     The  positive  poles  of  the  individual  cells,  as  well 
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Fig.  3.— Connection  of  the  cells  in  "  parallel." 

as  the  negative,  are  connected  in  such  a  manner  as  to  form  one  pole  of 
the  battery,  positive — and  the  other  pole,  negative.  In  other  words, 
by  the  union  of  the  several  cells  in  this  manner  one  large  cell  has  been 
produced.  The  resulting  electro-motive  force  is  the  electro-motive  force 
of  one  cell  only,  while  the  resistance  equals  that  of  one  cell  divided  by 
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the  total  number  of  cells.     The  amperage  ia  eqnal  to  the  product  of  the 
number  of  cells  by  the  amperage  of  each  individual  cell. 

(3)  Group. — In  the  "group"  method  some  (Fig.  4)  cells  are  joined 
in  series  and  some  are  in  parallel.  Thus, — place  two  cells  in  one  series, 
and  the  other  two  in  another  series ;  connect  the  poeitive  poles  of  the 
two  groups  to  form  a  positive  pole,  and  the  negative  poles  of  the  two 
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Pia.  i.— Connection  o[  the  cells  Id  "gioopi." 

groups  to  form  a  negative  pole, — the  result  of  this  arrangement  being  to 
halve  the  number  of  cells  and  thus  double  their  size. 

(b)  Accumulators,  Storage  or  Secondary  Batteries. — In  1802 
Gautherot,  after  laborious  esperiments,  invented  the  storage  battery. 
This  was  improved  upon  by  .a 

Ritter  in  1803,  but  tlie  great- 
est improvements  were  intro- 
duced in  1859  by  the  elabo- 
rate investigations  of  Gaston 
Plants. 

Briefly,  the  principle  in- 
volved in  the  accumulator  is 
as  follows  :  We  pass  an  elec- 
tric current  into  a  primary 
cell,  containing  two  plates  of 
similar  metals.  For  this  pur- 
pose, lead  is  almost  univer- 
sally employed,  the  chemical 
action  from  the  current  result- 
ing in  the  production  of  the 
peroxide  of  lead  (PbO,)  on 
that  sheet  of  lead  to  which 
the  positive  pole  is  attached, 
wh  ilst  the  negative  plate  shows 
the  formation  of  spongy  me- 
tallic lead  (Pb).  The  charging  current  is  now  removed,  the  two  plates 
of  lead  are  united,  and  a  current  having  the  opposite  direction  is  pro- 
duced. So  long  as  this  condition  is  maintaine<1  a  aevr  phenomenon  is 
observed  ;  the  peroxide  of  lead  suffers  a  change,  being  reduced  to  plumbic 
oxide  (Pl>0),  and  the  spongy  lead  is  changed  to  the  oxide  of  lead  through 


Fro.  5.— Dlagmmmatlo  vlev  ol 
Kon  ol  &  etomfe  cell.  (Ametlcui  Battery  CompatiT.) 
I.  positive  binding  post:  2,  nc^atlTe  binding  poBl;  3  rub- 
ber cap:  4.  hud-rubber  venMubc;  G,  mk  case:  fi.  com- 
pound between  rubber  Jar  and  oak  case ;  7,  hard-rubber 
jiir:  R,  leaden  lug  attached  to  poeliive  plates ;  9.  leaden 
lug  allached  to  negative  plales;  10,  positive  plnle:  11, 
negative  plate  ;  12.  mlphurle-acld  solution  ;  13,  Bolt-rut^ 
ber  hands :  14,  hard-rubber  inBUlaloi!!. 
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the  process  of  oxidation,  until  the  two  plates  are  again  chemically 
identical ;  when  this  condition  is  arrived  at,  the  current  ceases.  A  very 
ingenious  construction  of  this  principle  is  shown  in  Fig.  5. 

A  marked  improvement  over  Planters  accumulator  is  the  ingenious 
invention  of  Faure.  In  ISSl  the  latter  scientist  perfected  his  invention 
that  is  now  so  largelj^  employed.  In  the  Faure  system,  the  active 
material  is  previously  prepared  and  spread  on  a  suitable  support  or 
grid — mostly  of  lead — in  such  a  manner  that  it  is  well  retained,  which 
offers  little  electrical  resistance.  For  the  positive  plates,  use  is  made  of 
red  lead  (PbgOi)  and  sulphuric  acid  (50,^  ):  for  the  negative  plates,  either 
litharge  (PbO)  and  sulphuric  acid  or  porous  lead. 

Other  advantages  to  be  gained  in  the  employment  of  the  accumulator 
are : 

1.  Its  high  E.M.F.  (2  volts  for  each  cell). 

2.  Its  compactness,  portability,  and  durability. 

The  capacity  of  an  accumulator  is  usually  expressed  in  "ampere- 
hours,"  implying  the  product  of  maximum  discharging  current  together 
with  the  length  of  time  in  houi-s  it  discharges.  The  capacity  will  be 
slightly  reduced  when  an  accumulator  discharges  for  a  very  short  length 
of  time  at  a  higher  rate  than  the  maximum  discharge  current ;  the  capac- 
ity depending  upon  the  size,  the  number  of  plates  and  their  formation. 
For  illustration,  if  we  assume  that  a  certain  accumulator  has  a  capacity 
of  forty-eight  ampere-hours  at  the  maximum  discharge  of  eight  hours, 
then  we  may  use  the  battery  normally  at  one  chaige  as  follows  : 

With  one  ampere  for 48  hours 

With  two  amperes  for 24  hours 

With  four  amperes  for 12  hours 

W^ith  eight  ami>eres  for 6  hours 

The  utmost  precautions  must  he  taken  in  caring  for  accumulators ; 
this  is  of  pammount  importance,  because  they  are  very  sensitive  to 
shocks  and  over-exertion,  and  any  l)ending  of  the  plates  is  liable  to  give 
rise  to  short,  circuits.  There  is  likewise  danger  of  leakage  of  acid,  break- 
ing of  glass  cells,  etc.  Another  point  to  be  remembered  is  that  the  cells 
must  be  frequently  charged  and  discharged  ;  if  this  is  neglected  the  plates 
will  rapidly  become  impaired. 

It  must  not  be  forgotten  that  the  cells  must  be  arranged  in  a 
'^series.'- 

Sulphuric  acid  of  the  l)est  quality  must  always  be  used  in  diluted 
form  and  free  from  all  impurities.  The  strong  acid  should  be  diluted  with 
absolutely  pure  water  to  a  specific  gravity  of  1200  or  25  Beaum^  as  shown 
by  the  hydrometer  at  a  temperature  of  60°  F.  In  mixing  the  electrolyte 
the  acid  must  always  be  poured  into  the  water.  The  electrolyte  should 
never  be  added  to  the  cells  until  cold. 
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In  subsequent  charges  and  in  general  use,  it  is  only  necessary  to 
charge  until  the  voltage  is  2.5  per  cell  while  charging.  It  is  advisable  to 
charge  the  cells  once  a  week  until  the  voltage  per  cell  is  2.5  volts  or 
about  one- third  the  normal  charging  rate. 

When  discharging,  the  electro-motive  force  of  each  cell,  as  measured 
by  the  voltmeter,  must  not  be  allowed  to  sink  below  1.85  volts  ;  thus,  in 
the  case  of  a  6-celI  battery  11  volts  is  the  lowest  limit  for  the  discharge. 

Cells  should  never  be  permitted  to  stand  idle  if  more  than  75  per 
cent,  of  their  capacity  has  been  used. 

If  a  battery  is  to  remain  idle  for  a  long  time,  it  should  first  be  fuUy 
charged  and  then  given  a  recharge  enough  to  bring  it  to  a  boil,  and 
left  charged. 
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Fig.  6.— Diagrammatic  vievf,  illustrating  the  charging  of  a  battery  by  the  ammeter  and  volt-meter. 


Always  see  that  the  cells  are  well  covered  with  the  electrolyte.  If  the 
latter  has  been  spilt  or  become  partly  evaporated,  it  must  be  replaced 
with  distilled  water,  and  during  the  charging  the  top  should  be  open  so 
as  to  allow  the  escape  of  the  hydrogen  bubbles.  Avoid  unnecessary 
vibration  and  shaking  of  the  cells.  With  proper  care  the  accumulator 
should  render  good  service  for  five  to  eight  years. 

Accumulators  may  be  charged  in  any  of  the  following  five  ways  : 

1.  Primary  cell. 

2.  110-volt  (direct)  current. 

3.  Alternating  current. 

4.  Bicycle  dynamo. 

5.  Thermopile. 

(1)  The  method  by  the  primary  cell  is  not  practical,  because  the  labor 
Involved  is  unpleasant  and  tedious,  and  the  process  is  a  most  lengthy  one. 
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(2)  The  second  method,  or  the  use  of  the  110- volt  (direct)  current,  is 
the  most  practical  and  most  easily  available  method  in  use.  It  is  neces- 
sary in  this  method  to  find  the  correct  polarity  of  both  the  110- volt  and 
also  of  the  accumulator.  The  manner  of  determining  the  i)olarity  will 
be  discussed  in  a  subsequent  chapter.  It  is  necessary  by  this  method  to 
oflFer  a  resistance  to  the  current,  owing  to  the  circumstance  that  the 
degree  of  voltiige  is  too  great  for  the  accumulator.  The  means  employed 
to  effect  resistance  to  this  excess  of  current  are  either  a  group  of  lamps  or 
the  rheostat.  In  the  latter  method  the  ammeter  is  placed  in  the  path  of 
the  current,  and  the  rheostiit  is  so  regulated  that  the  exact  voltage  sent 
to  the  accumulator  can  be  determined  by  the  ami>erage  recorded  by  the 
ammeter.     (Fig.  6.) 

The  simpler  and  cheaper  method  is  that  obtained  by  the  group  of 
lamps,  mounted  on  a  base  and  connected  in  parallel.  Each  lamp  (16 
candle-power)  is  eciuivalent  to  one-half  an  ampere  ;  therefore,  by  this 
method  we  can  accurately  estimate  the  resistance  required,  by  introduc- 
ing that  number  of  lamps  which  will  be  necessary  to  produce  the  proper 
amperage  for  charging  the  accumulator.  WTien  the  accumulator  is  not 
properly  connected,  the  lamps  burn  more  brightly  than  usual.    (Fig.  7.) 
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Fig.  7.— Diagrammatic  view,  illustrating  the  charging  of  a  battery  by  a  bank  of  lamps. 


(3)  The  alternating  current  presents  the  disiid vantage  that,  not 
being  unidirectional  in  character,  it  requires  the  employment  of  a 
** converter"  in  order  to  produce  a  unidirectional  current,  and  also  to 
provide  a  low  voltage  that  may  be  suitable  for  charging  an  accumulator. 
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(4)  Where  it  is  impossible  to  obtain  a  current,  as  on  the  battle-field, 
ingenious  use  has  been  made  of  the  bicycle,  by  employing  it  as  a  motor 
and  attaching  it  to  a  dynamo,  which  generates  the  current  for  charging 
the  accumulator.  This  clever  thought  originated  with  Major  Battersby 
in  his  memorable  Soudan  campaign,  and  the  method  has  been  success- 
fully imitated  in  South  Africa.  Other  means,  but  not  so  practical,  are 
by  water-i)ower,  windmill,  or  by  horse-  or  man-power. 

(5)  The  fifth  and  last  method  is  by  the  use  of  the  thermopile  for 
charging  purposes,  which  has  found  but  little  favor,  and  is  rarely,  if 
ever,  employed  in  this  country. 

C.  Dynamic  or  elecjtbic  mains  are  of  two  kinds : 

(a)  Direct. 

(b)  AUemating. 

(a)  Continuous  or  Direct. — In  places  where  a  current  from  the 
continuous  commercial  main  is  available  and  voltage  ranges  from  100  to 
250,  advantage  is  often  taken  of  this  source  of  energy,  owing  to  the  fact 
that  it  presents  few  difficulties  and  demands  but  little  attention  ;  the 
rheostat  alone  being  necessary  to  regulate  both  the  voltage  and  amperage. 

(b)  Alternating  or  Street  Current. — When  it  is  necessary  to  em- 
ploy an  alternating  current,  there  will  be  required  a  motor-transformer. 

D.  Thermopiles. 

In  1822  Professor  Seebeck,  of  Berlin,  accidentally  discovered  that 
when  heat  is  applied  to  a  circuit-junction,  a  current  of  electricity  is  pro- 
duced ;  also,  that  when  two  junctions  are  of  different  temperatures,  the 
current  produced  is  directed  from  the  warmer  to  the  colder  junction. 
Thermopiles  are  very  seldom  employed  for  working  an  induction  coil. 
Their  use  is  extremely  limited  in  this  country. 


CHAPTER   II 

THE  STATIC,  FKANKLIXIC,  OR  PRICTIONAL  CUEEENTS. 

« 

There  are  three  chief  forms  of  electricity  used  in  medicine  and 
surgery  : 

Static,  Franklinic,  or  frictional. 

Galvanic,  continuous,  or  direct. 

Faradic,  interrupted,  or  indirect. 

The  other  so-called  varieties,  such  as  the  sinusoidal  current,  high- 
frequency  currents,  etc.,  are  modifications  of  the  above  forms. 

I.  The  Static  or  Influence  Machines. 

Ever  since  static  electricity  was  discovered  and  the  first  static 
machine  was  invented  by  Otto  von  Guericke,  a  burgomaster  of  Magde- 
burg, Germany,  in  1647,  the  subject  has  received  the  closest  study  from 
scientific  minds.  Sir  Isaac  Newton  eagerly  seized  and  improved  upon 
von  Guericke' s  discoveries,  and  these  early  researches  were  continued 
through  the  centuries  by  English,  German,  French,  and  Italian  phi- 
losophers, not  the  least  conspicuous  among  whom  may  be  cited  Hamsden, 
Plants,  and  De  la  Fond.  While  the  friction  or  static  machines  of  these 
searching  inquirers  are  now  obsolete,  their  persistent  study  laid  the 
foundation  for  the  present-day  influence  machines. 

In  the  construction  of  influence  miu'hines  two  important  principles 
are  carried  out  :  (1)  the  principle  of  influence,  whereby  a  conductor 
touched  acquires  a  charge  of  the  opposite  kind,  and  (2)  the  principle  of 
reciprocal  accmnulation. 

**In  Fig.  8  let  us,  for  instance,  employ  two  insulated  conductors,  A 
and  B,  electrified  ever  so  little,  one  positively  and  the  other  negatively. 
Let  a  third  insulated  conductor  C,  which  we  shall  call  a  carrier,  be 
arranged  to  move  so  that  it  fii*st  approaches  A  and  then  B,  etc. 

^*If  touched  while  under  the  influence  of  the  small,  positive  charge 
on  A,  it  will  acquire  a  small  negative  charge  ;  suppose  that  it  then  moves 
on,  and  gives  this  negative  charge  to  B,  and  it  then  be  touched  while 
under  the  influence  of  B,  so  acquiring  a  small  x)ositive  charge.  Wlien 
it  returns  toward  A,  \vt  it  give  up  this  positive  charge  to  A,  thereby 
increasing  its  positive  charge.  Then  A  will  act  more  powerfully,  and 
on  repeating  the  former  operations  both  B  and  A  will  become  more 
highly  charged.  Each  accumulates  the  charges  derived  by  the  influ- 
ence from  the  other.     This  is  the  fundamental  action  of  all  the  modem 
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influence  machines,  dating  from  1860,  the  first  having  been  constructed 
])y  C.  F.  Varley,  consisting  of  six  carriers  mounted  on  a  rotating  disk  of 
ghiss. 


"  1 


A.  Types  of  Influence  Machines. 

(a)  The  Winishurst  influence  machine  (Fig.  10)  consists  of  two 
circular  disks  of  glass,  so  mounted  as  to  be  rotated  in  opposite  directions, 
at  a  distance  of  one-eighth  of  an  inch  apart.  Each  disk  is  attached  to 
the  end  of  a  boss  of  ebonite,  upon  which  is  turned  a  small  pulley.  Both 
disks  are  well  varnished  and  cemented.  To  the  outer  surface  of  each  are 
twelve  or  more  sectors,  made  of  thin  brass  and  at  equal  angular  distances 
apart.     Twice  in  each  revolution,  the  two  sectors  situated  on  the  same 


FiQ.  8.— Diagrammatically  illustrates  the  principle  of  influence  and  accumulation  of  static  or 

influence  machines. 

diameter  of  each  disk  are  momentarily  placed  in  metallic  connection  with 
one  another  by  a  pair  of  fine  wire  bi-ushes,  supported  at  the  middle  of  it» 
length,  by  one  of  the  projecting  ends  of  the  fixed  spindle  upon  which  the 
disks  rotate,  the  sector  plates  just  grazing  the  tips  of  the  brushes  as  they 
rotate.  The  i)osition  of  the  two  pairs  of  brushes  with  respect  to  the  fixed 
collecting  combs  and  to  one  another  is  variable. 

The  fixed  conductors  consist  of  two  forks,  furnished  with  collecting 
combs  directed  toward  one  another  and  toward  the  two  disks  which  rotate 
between  them,  the  position  of  the  two  forks,  which  are  supported  on 
ebonite  pillars,  being  along  the  horizontal  diameter  of  the  disk.  To  these 
fixed  conductors  are  attached  the  terminal  electrodes,  whose  distance 
apart  can  be  varied.  This  form  of  machine  is  very  efficient  and  self- 
exciting,  provided  that  a  sufficient  number  of  sectors  be  present,  for  it  is 

^Sylvanus  Thompson,  Elementary  Lessons  in  Electricity  and  Magnetism,  pp. 
66,  57. 
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found  that  the  machine  works  at  full  power  after  the  second  or  third 
revolution  of  the  handle.  The  Wimshurst  machine  works  best  when  the 
resistance  of  the  discharging  circuit  is  high,  and  it  has  been  projwsed  to 
enclose  the  apparatus  in  a  strong  metal  case,  and  to  work  it  under  a  pres- 
sure of  several  atmospheres,  thus  avoiding  leakage  through  brusliing. 

The  theory  of  action  of  these  machines  is  perhaps  best  explained  by 
the  aid  of  the  accompanying  illustration  (Fig.  9),  in  which,  for  the  sake 
of  greater  clearness,  ^^two  rotating  plates  are  represented  as  though  they 
were  two  cylinders  of  glass,  rotating  in  opposite  directions,  one  within  the 
other.  The  smaller  inside  cylinder,  in  the  figure,  represents  the  front 
plate,  and  the  larger  outer,  the  bjick  plate :  the  front  plate  rotates  right- 
handedly,  and  the  back  plate  left-handedly.     The  neutralizing  brushes. 


Fig.  9.— Illustrates  diagrammatically  the  theory  of  action  of  a  Wimshurst  influence  machine. 

%,  n2,  touch  the  front  metallic  sectors,  represented  near  the  top  of  the 
diagram,  to  receive  a  slight  positive  charge.  As  it  is  moved  onward 
toward  the  left  it  will  come  opposite  the  place  where  one  of  the  front 
sectors  is  moving  past  the  brusli  iii.  The  result  will  be  that  the  sector 
touched  while  under  influence  by  rii  will  acquire  a  slight  negative  charge, 
which  it  will  carry  onward  toward  the  right.  When  this  negatively 
charged  front  sector  arrives  at  a  i)oint  opposite  w^j,  it  acts  inductively  on 
the  back  sector  which  is  l>eing  touclunl  by  n^ ;  hence  this  back  sector  will 
in  turn  acquire  a  positive  charge,  which  it  will  carry  over  to  the  left.  In 
this  way  all  the  s(H'tors  become  more  and  more  highly  charged  ;  the  front 
sectoiis  canying  over  negative  charges  from  left  to  right,  and  the  back 
sectors  carrying  over  positive  charges  from  right  to  left.     At  the  lower 
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[  hiiif  of  tlie  (liugram  a  similar  Imt  iu\'er8e  mb  of  openitions  tike  place. 
'  For  when  »,  touebes  a  front  sector  niider  the  iufinenee  of  a  positive  1>ack 
,  sector,  a  repelled  eimrge  will  travel  along  the  dia^ual  conductor  tn  %, 
t-  helping  to  charge  jxwitively  the  sector  wiiich  it  touches.  The  front 
Beetum,  as  they  pass  from  right  t«  left,  in  the  lower  hiilf,  will  carry  jKisi- 
tive  eharges;  while  the  back  swfore  after  toiicliing  Hj  will  carry  negative 
[  chai-ges  from  left^  to  right, 

■'The  metal  aectoitt  then  act  both  aa  carriers  and  inductors.     It  is 
I  clear  that  there  will  be  a  continual  eai'iyiiig  of  positive  charges  to  the 


Ixight,  and  of  negative  charges  to  the  left.  At  these  pointM.  towai-d  which 
opposite;  kinds  of  chaises  travel,  are  placed  the  collectiug  combs  com- 
Bxiiuiieatiug  with  the  discharging  knob."  ' 

(&')  Soitz  of  Berlin  invented  a  very  powerful  influence  machine. 
l(Pig.  11.1  In  brief,  it  consists  of  two  glass  plates,  the  diameter  of  one 
plate  being  slightly  largiT  than  the  otlici.  The  plates,  though  in  close 
itionsliip,  do  not  touch.  The  fixed  plate  contains  two  "windows" 
'  Sf  Ivanus  Tliompenn,  Elemeiilary  Leesouit  in  Electridty  and  MagnetiHin,  p.  OS 


directly  opposite  one  aiiotlier.  Two  bits  of  paper  (field  plates)  are  | 
t«  the  Htatioiiary  plate,  one  above  llie  window  on  the  left  side,  and^ 
below  llie  window  on  tlic  liglit.  From  each  of  lht>se  pieces  of  paper  a 
tongne  protrndos  through  ciwh  apeitiire,  almost,  bnt  not  quite  touching 
the  revolving  plate.  The  plale  is  rotated  in  a  direction  oppositt^  to  that 
ill  whieh  the  tongue  projects.  The  prime  conductor  consists  of  (w« 
metallic  corals,  snpijortert  by  bniss  rods  with  knobs,  and  moiinteil  oil 
glass  supports.  Two  other  brass  knobs  with  ebonite  handles  and  knobs 
form  the  discharging  electrodes,  throngh  whose  agency  the  spark  Ifii^h 
can  be  varied.     A  neutralizing  rod  to  luinimizu  the  reversal  of  polarity 
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Fiti.  11— Ti>t>pler-Hnlttluaupu<*  macWne. 

is  also  provided.  Before  working  the  machine,  one  of  the  fielil  plates 
must  t»e  cLargetl  from  an  outside  source  and  the  knobs  of  the  dLschurgiu^ 
rods  must  be  brought  together. 

(c)  The  Fms  or  Torplfr  is  more  self-exciting  than  the  Holtz,  but  is 
less  sure  in  its  siction  than  the  Wimshm-st.  The  Voss  rvsemblLS  the  Hojlz 
machiue  iu  many  details,  but  the  moving  plates  cari'y  si  few  sectors,  and 
those  iu  their  rotation  touch  a  pair  of  brushes  caiTie«l  by  two  bent  arnw 
which  connect  wilh  the  field  plates,  and  so  con^'ey  charges  from  the  mov- 
ing plat<'  to  the  armature  of  the  fixed  field  plates.  I«  this  countrj-  there 
are  practically  no  Wini.shiirst  machines  used.  Tliey  ai-e  nearly  all 
Toepler- Holtz  machines,  that  is  to  say,  Holtz  machines  motlified  so  as  10 
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be  self-exciting,  as  invented  by  Toepler.  Tlie  Eastern  manufacturers  are 
largely  using  the  Holtz  maehines  which  are  excited  by  a  smaller  genera- 
tor of  the  Wimshurst  or  Toepler  type,  while  mostly  all  the  Western 
manufacturers  use  the  Toepler- Holtz  type  maehine. 

B.  Care  and  Manipulation  of  Static  Machine. 

In  the  use  of  influence  mjichines  certain  recpiisites  are  necessary  to 
iiLsure  satisfactory  results.  Chief  among  these  are  dryness  and  cleanli- 
ness. The  accumulation  of  dust  or  moisture  upon  the  insulating  surfaces 
interferes  with  the  high  voltage  that  must  be  obtained.  The  machine 
may  he  freed  from  dust  and  moisture  by  the  use  of  a  dry  silk  fabric ; 
the  oxidation  of  the  metallic  sectors  Ciin  be  effectively  obviated  by  cleans- 
ing them  with  a  cloth  previously  immersed  in  Ixiuzine  or  gasoline.  Alco- 
hol should  never  be  used  on  any  varnished  part,  as  it  acts  as  a  solvent 
thereof.  During  the  summer  months  when  the  air  is  often  surcharged 
with  moisture,  it  becomes  necessary  to  phK*e  in  the  case  a  deep  tniy 
containing  fused  calcium  chloride  ;  this  must  be  free  from  impurity,  else 
there  will  result  oxidation  of  the  metallic  jxirts.  Likewise  during  the 
torrid  season  it  is  found  that  the  current  acting  on  the  air  in  the  Ciise  of 
the  machine,  develops  a  nitrous  oxide,  and  that  the  nitrogen  combining 
with  hj^drogen  forms  nitrous  acid  accumulations,  which  ai*e  detrimental 
to  the  working  of  the  machine.  Wagner  uses  ventilators  in  his  machine, 
which  carrj^  off  the  nitrous  oxides,  and  recommends  that  during  the  sum- 
mer months  a  dish  containing  oil,  such  as  boiled  linseed  oil,  be  placed 
inside  of  the  case.  The  oil  takes  up  the  active  nitrogen  because  it  has 
more  aflinity  for  the  nitrogen  than  for  the  hydrogen.  Sulphuric  acid  is 
also  one  of  the  best  and  most  inexpensive  driers  that  can  be  used  in  a 
static  machine.  When  it  is  iLsed,  it  should  Ik^  pUiced  in  a  broad,  open 
disli,  four  or  five  inches  deep,  and  the  full-strength  commercial  sulphuric 
acid  should  not  more  than  half  fill  the  dish,  as  the  acid  will  take  up  the 
moisture  and  increase  until  it  has  almost  doubled  its  volume ;  then  it 
loses  its  efficiency  as  a  drier. 

When  used  for  exciting  an  X-ray  tube,  this  machine  mast  be  oj)erated 
by  a  power  capable  of  giving  a  high  and  steady  electro- motive  force.  In 
citic«  an  electric  motor  (of  the  required  horse- i)ower)  should  l>e  em- 
ployed ;  in  country'  pliM*es  water  motors  or  gjisoline  engines  should 
funiish  the  power  ;  hand  power  with  this  machine  is  inefficient  for 
skiagraphy. 

The  length  of  a  spark  of  a  properly  working  machine  ought  to 
eciual  the  radius  of  the  revolving  plates  (approximately).  Care  should 
be  exercise<l  that  the  neutralizing  brushes  are  so  bent  as  to  bring 
them  in  proper  contact  with  the  disks  during  the  whole  period  of 
revolution. 
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The  electro-motive  force  of  a  static  macbiDC  depends  nx>on  the 
number  of  revolutions  per  minute,  the  size  and  number  of  the  revolving 
plates,  and  the  general  construction  and  care  of  the  same. 

Ghiss  plates  have  been  in  use  for  more  than  a  centurj',  but  mica 
plates  possess  certain  advantages.  They  are  not  fragile  and  less  hygro- 
scx)pic  than  glass  ones,  and  I  have  never  known  them  to  warp.  Because 
of  the  non-breakable  character  of  mica,  a  high  speed  can  be  obtained  for 
the  generation  of  extremely  high  volume  of  tension  of  current. 

Machines  not  self-exciting  have  a  charge  added.  Tliis  is  usually  fur- 
nished by  a  revolving  plate  to  which  are  fastened  several  brass  sectors. 
On  revolving,  the  latter  are  brought  into  contact  with  the  brushes.  The 
stationary  plate  of  this  machine  enclases  a  sheet  of  tin-foil  or  paper  as 
a  collector. 

A  static  machine  in  bad  order  is  said  to  have  ^Host  its  charge" 
when  it  fails  to  generate  electricity.  This  may  be  caused  by  dampness, 
by  the  humidity  of  the  atmosi)here,  or  by  turning  the  crank  attached  to 
the  driving-wheel  in  the  wrong  direction. 

C  Accessories. 
The  Leydex  Jar. 

This  Is  an  electro-static  condenser,  so  named  from  its  invention  by 
Cuneus,  in  the  town  of  Leyden,  in  1745.  In  its  modern  form,  a  Leyden  jar 
is  a  cylindrical  glass  bottle,  lined  inside  and  out  with  tin  foil,  to  within 
a  short  distance  of  the  top.  A  bniss  knob  inserted  in  the  wooden  cover 
is  connected  with  the  inner  coating  by  mciins  of  a  wire  or  chain. 

Thus  we  have  essentially  two  conductors,  the  one  almost  completely 
enclosed  in  the  other  and  S(*parated  from  it  only  by  the  thickness  of  the 
dielectric.  If  either  conductor  is  put  to  earth,  and  the  other  insulated 
and  charged,  an  opposite  and  nearly  equal  charge  is  induced  in  the  former. 
Leyden  jars  are  frequently  connected  in  series  (the  cascade  arrangement) 
to  secure  a  potential  difference  equal  to  the  sum  of  those  due  to  the  elec- 
trification of  the  individual  jaiN,  or  in  multiple,  all  outside  coatings  con- 
nected together  and  inner  coatings  the  Siime,  when  increased  quantity  is 
desirtnl. 

Electrodes.     (^Figs.  12  and  13.) 

These  may  Ijc  of  metal  or  of  wood.  The  metallic  electrodes  are 
usually  of  briuss,  made  in  a  variety  of  shapes  and  sizes,  and  may  be 
round,  pointed,  etc.,  each  being  mounted  upon  a  holder  of  ebonite  (vul- 
canite), which  acts  as  an  insulator.  Rollei*s  are  usually  made  of  bi'ass, 
and  mounted  upon  a  base  or  stem  of  ebonite.  The  wooden  electrodes  are 
usually  described  as  discharge  electrodes,  but  they  are  not  so  frequently 
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(anployed  as  Hre  the  metallic  variety.  Lately  glass  vacuum  electrodes 
have  come  iuto  vogue.  A  conveuient  handle  fur  holding  electrodes  is 
■ahowu  in  Fig.  14. 


CHArK-HOI-DER. 

This  is  usually  a  hi-nss  riug  or  Jmolc  altaclioil  lo  an  elMiiiite  stem,  and 
is  employed  lor  holding  the  chain  which  condiiils  the  current  from  one 


I 
I 


54  ELECTRO-THERAPEUTICS. 

pole  of  the  machine  to  the  electrode  (Fig.  15).     It  prevents  bringing  the 
chain  in  contact  with  the  patient,  and  thus  avoids  shock. 

Muffler. 

This  is  a  cylindrical  glass  tube,  into  the  ends  of  which  are  fastened 
discharge  rods.  The  tube  in  a  horizontal  position  is  held  to  the  discharge 
rods  of  the  static  machine  by  means  of  wire  hooks.  The  rods  of  the 
muffler  can  be  readily  adjusted  by  simply  turning  them  in  a  screw-like 
fashion.  This  is  employed  for  the  purpose  of  lessening  the  noise  from 
the  discharge  rods  of  the  static  machine.  • 

Preparation  of  the  Patient. 

When  a  patient  comers  for  treatment  it  is  necessary  to  ascertain  the 
nature  of  the  disease,  before  deciding  upon  the  kind  of  treatment  to  be 
instituted.  If  the  method  selected  requires  the  removal  of  some  of  the 
apparel,  this  should  be  arranged  by  the  physician's  attendant  or  nurse 
in  a  separate  room.  If  much  of  the  clothing  is  removed,  a  wrapper  or 
loose  gown  should  be  thrown  over  the  patient.  If  the  patient  is  nervous 
it  is  advisable  to  instruct  the  attendant  to  remove  as  few  of  the  garments 
as  practicable,  so  as  not  to  offend  modesty  and  in  order  to  lessen  the 
fear  so  frequently  induced  by  the  careless  therapeutist.  Celluloid  combs 
and  all  hair-pins  should  be  removeil  from  the  patient's  head  ;  if  hair-pins 
be  permitted  to  remain  they  may  cause  unpleasant  pricking  sensations  in 
the  scalp. 

The  patient  should  1x3  placed  in  a  comfortable  position  and  far 
enough  from  the  mtichine  to  prevent  shocks  from  the  emitted  sparks.  In 
damp  weather  or  when  the  current  is  not  very  strong  the  patient  should 
hold  the  metallic  electrode.  The  cords  leading  from  the  discharge  rods 
should  not  touch  the  ground,  the  patient,  or  e^ich  other:  if  they  re^ 
ui^on  the  floor  or  *  Aground"  there  will  l>e  a  flow  of  current  into  the 
earth,  if  they  touch  the  patient,  shock  will  occur,  and  if  they  touch  one 
another  a  short  circuit  will  result.  I  prefer  to  treat  the  patient  in  the 
sitting  posture,  as  this  permits  the  application  of  the  current  to  all  parts 
of  the  body,  especially  if  he  be  seated  upon  a  revolving  stool.  Occasion- 
ally it  may  Iw  necessary  to  adjust  his  chair  so  that  he  cannot  rotate  it, 
thus  allowing  a  constant  flow  of  current  to  the  part  needing  treatment. 

Polarity. 

The  polarity  of  a  static  current  is  not  of  great  moment.  I  have 
heard  some  patients  say  that  the  current  of  the  positive  electrode  is  more 
plciisjint  than  the  negative  and  others  affirm  the  opposite.  I  am  of  the 
opinion  that  there  is  little,  if  any,  difterence  l)etween  the  positive  and 
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negative  electrodes,  so  far  as  the  einauatiug  eurreut  is  concerned.  Xever- 
theleas,  this  is  easily  determined  by  starting  the  machine  with  the  rods 
slightly  apart,  and  observing  that  the  spark  is  whitest  near  the  posi- 
tive pole,  due  to  incandescent  oxygen  being  whiter  than  incandescent 
nitrogen. 

The  positive  electrode  emits  a  sharp  hissing  noLse  when  placed  in  a 
horizontal  position. 

No  current  will  flow  when  a  non-conductor  is  applied  to  the  negative 
discharge,  but  it  will  flow  from  the  positive. 

The  positive  pole  can  be  determined  by  the  collecting  combs  showing 
points  of  light,  while  a  brush-like  form  is  evidenced  upon  the  negative 
side.  This  is  best  observed  in  a  darkened  room  while  the  sliding  rods  are 
in  contact. 

If  we  separate  the  balls  on  the  ends  of  the  sliding  rods  for  an  interval 
of  two  centimeters,  the  spark  stream  issuing  between  the  rods  displays  a 
distinct  violet  portion,  which  begins  at  the  ball  in  a  bright  x)oint.  This 
violet  portion  denotes  the  negative  pole,  while  the  positive  pole  is 
recognized  by  a  bright  area  of  white  light  lying  near  it. 

To  reverse  the  polarity  of  an  influence  machine,  the  usual  procedure 
is  to  ground  both  terminals,  and  give  the  machine  a  few  turns  in  the 
opposite  direction,  then  remove  the  grounds  and  start  the  machine 
normally.  The  effect  of  this  oi>eration  is  rather  uncertain,  and  Herr  J. 
R.  Januszkiewicz*  has  devised  a  system  which  is  more  reliable.  In  this 
one  pole  of  the  machine  is  connected  electrically  to  the  inducing  plate  for 
the  opposite  pole.  The  machine  is  revolved  in  the  normal  direction, 
and  if  the  connection  then  be  broken  the  polarity  of  the  machine  will  be 
found  to  be  reversed.  If  the  machine  is  running  at  a  fair  speed  only  a 
momentary  connection  is  needed,  but  if  it  is  running  slowly  it  may  be 
necessary  to  leave  the  connection  for  ten  or  fifteen  seconds.  Care  should 
be  taken  that  good  electrical  contact  is  made.  A  new  pole  changer  that 
bids  to  become  very  popular  Ls  shown  in  Fig.  16,  which  illustiTites  the 
wrong  connection  of  the  Crookes  tube  with  the  static  machine,  as  is  indi- 
cated by  the  heavy  lines.  By  this  arrangement  we  correct  the  polarity 
without  changing  the  position  of  the  tul)e,  by  sliding  the  rod,  H,  from 
C  to  C^,  the  rod  carrying  the  jKxsitive  pole,  which  becomes  A*  (anode). 
The  negative  pole,  D,  touches  the  metal  D*,  which  is  carried,  and  becomes 
B*  (cathode). 

Idiosyncrasy. 

By  this  term  is  meant  the  susceptibility  of  the  patient  to  the  ac- 
tion of  the  static  electric  current.     It  has  frequently  been  observed  that 

*  Physikalische  2feit8chrift  (Leipsic),  abstracteil  in  the  Electrical  Review,  Oct. 
15, 1904. 
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certain  patients  are  uiiusually  susci-ptible  to  static  electricity.  I  liave 
seen  muiiy  cases  where  a  stjiliv  breezu  applied  to  the  head  vas  safficient 
to  cauBe  fainting,  or  at  least  dizziness.  For  such  patients  it  is  n 
to  dimiaish  the  strength  of  the  current,  also  to  sliorteu  the  length  s 
le^en  ttie  uumber  of  applications. 


TH£  DOSA.GE. 

By  this  term  is  meant  the  length  of  tinie  re«iuired  for  adminutering 
the  current  in  the  particular  case,  the  intensity  of  each  treatment, — i.  e., 
the  strength  of  static  current  pro<liiced  and  applied, — and  the  frequency 


Kio.  111.— I'ulc  rliaiigi-r  of  Belz. 

of  its  iisi'.  The  length  uf  each  application  should  be  between  ten  and 
t-w«*nty-li\-e  minutes.  The  number  of  upplictitious  will  naturally  depend 
upon  the  eliar.K'ter  of  the  disesis*-  trciitecl,  the  suffering  of  the  patiait, 
and  also  uiion  idiosyiicnisy.  Here  is  wlu-re  f^oml  judgment  and  skill  on 
the  part  of  tli<>  t  tiei-iiiM'utist  are  it^iuiivd.  It  is  the  general  praoUoe  to 
give  fi-om  one  to  li\o  trcarmeiits  a  week.  Frequently  the  patient  inquires 
lis  to  the  number  of  apiilinitions  ivijuisite  bi-fore  a  change  in  the  disease 
will  Ir-  notitl.  ITii fortunately,  we  are  not  able  to  answer  snch  quts- 
tions  Silt  isfactorily.  T  have  whmi  oast's  wliei-e  only  three  or  five  treat- 
mentK  wen:  iie<-<^'ss:iry ;  apiiu  1  have  Ke«-ii  ciises  of  the  same  discaw 
where  twenty  treatments  wen-  nwi-sMiiry  lx;fore  a  change  for  the  better 
could  be  ol}ser\c(I. 
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II.   Modes  of  Application.  i 

The  ftjiiiis  iif  iipplicatiou  ost^d  iu  electro- therapy  are  :  I 

CONTECTIVE  \  ' 

DiSKUlTIVE    y  DISCHARGES. 

Conductive  ) 

A  CONVECTIVE  discharge  ixieur.i  when  electricity  of  si  high  poten- 
tial dischai^es  itself  ut  a  pointed  conductor  by  accumulatiug  there 
with  a  density  sufficient  to  electrify  the  neighltoring  particles  of  air 
(these  particles  then  flying  off  by  repulsion},  and  conveyiug  away 
with  them  i>art  of  the  discharge.  This  form  of  application  is  illustrated 
in  the  use  of  the  static  bath,  the  breeze,  and  the  sprny  as  given  off 
from  metal  electrodes,  the  high-frequency  discharges  from  glass  vticuura 
tubes,  etc. 

The  DISKUPTIVE  discharges  embrace  Ihc  various  sparks,— the  tong, 
It/tort,  aat\  friction. 

The  txJNDi'crrvE  discharge  is  derived  from  an  electrified  conductor. 
This  may  be  a  eontiuunns  current  Howing  through  a  thin  wire  connecting 
tlie  knot»  of  an  influence  machine  or  joining  tho  jiositive  pole  of  a 
battery  to  the  negative  polo. 

A.    COSVECTIVE   CltRKENTti. 

In  osiug  the  brush  duicluirge  (Fig.  17)  the  patient  holds  either  elec- 
trode while  the  other,  which  may  be  pointed,  broom-shaped,  or  coronal  in 
outline,  is  applied  to  the  area  to  be  treated.  This  includes  the  breeze 
and  xpray  fall  tbese  terms  being  synonymous);  the  breeze  is  the  concen- 
trated brush  dischai^e. 

The  ^alic  bath  (Fig.  18j,  also  called  static  insulation,  is  a^lministered 
by  having  the  patient  on  an  insulated  platform  in  iroiamuni cation  wjtli 
one  of  the  jwles  of  the  machine ;  after  some  turns  of  the  handle,  it  is 
found  that  be  is  charge<l  with  positive  electricity  of  a  high  potential, 
while  there  is  a  constant  waste  t>f  electricity  from  all  parts  of  his  body 
and  clothing.  The  effect  of  the  static  bath  is  ultimately  sedative  and  it 
is  the  form  usually  employed.  It  may  be  greatly  iutensified  by  applying 
to  the  affectetl  part  a  tinsel  rosette  instead  of  a  crown  piece.  Strong 
revnlsive  effeets,  leading  to  actual  blistering,  may  occur  when  the  patient 
is  connected  dii-ectly  with  tlie  positive  pole.  Dr.  G.  Bettou  Massey,  who 
has  had  a  great  desd  of  experience  in  electro- therapeutics,  Iwlieves  that 
this  intensified  spniy  has  a  deep  penetrating  action  and  is  of  great  value 
in  intractable  chronic  rheumatism. 

In  the  inierrupted  itumlatiojt  the  negative  electrode  is  held  by  the 
patient  and  the  positive  is  groimde*!.  The  sliding  electrodes  are  moved 
to  and  fru,  so  as  to  produce  an  interruption  in  the  current. 
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B.    DlSKUITIVE   CUKKENTS. 

These  ai-e  sulMlividiHl  iuto  the  diivet,  iiidireet,  and  friction. 

In  the  direct  dianiptice  current  (Fig.  WV)  the  patient  Ls  seated  on  the 
phitfonn,  holding  either  the  positive  or  the  negative  electrode,  the 
remaining  electrode  being  api)lied  to  the  aflFected  part.  The  Leyden  jar 
may  or  may  not  Ixi  in  the  connection.  When  it  is  so  connected,  the  cur- 
rent, as  a  rule,  is  usually  too  severe.     The  spark-giij)  is  wide  oi)en. 

Direct  si)arks  are  very  painful,  and  are  to  be  used  only  in  cases  of 
surfacM."!  anieisthesia. 

The  indirect  disruptive  current  diirei"S  from  the  al)Ove  in  that  the  pa- 
tient sits  on  the  platform,  holding  the  negative  electrode,  the  positiye 
being  grounded.  If  the  electrode  chain  is  attached  to  the  water-pipe 
(the  indiflerent  pole  lK*ing  attachetl  to  the  gas-pipe),  more  capacity  is 
gained,  the  single  sparks  give  good  muscle  responses  with  little  pain. 
(Fig.  20.) 

The  friction  disruptive  current  differs  from  the  indirect  only  in  that  the 
roller  electiHxle  is  rapidly  ai>plied  against  the  affected  part.     (Fig.  21.) 

C.  Conduitivp:  CrRUENTS. 

Condiujtive  currents  ai-e  subdivide<l  into  the  static  induced  cuireDt 
and  the  wave  current. 

The  static"  induced  current  ( Fig.  22)  is  in  connection  with  both  the 
Tjcyden  jai*s  and  the  patient ;  the  electrodes  must  l)e  of  metal  and  applied 
to  the  bai-e  skiii  or  mucous  mcmbninc.  The  spark-gap  is  closed  at  first, 
and  then  gradually  opened  to  tlu»  point  of  toleration. 

In  the  ware  current  the  positive  electrode  is  graspiHi  by  the  patient 
and  the  negative  is  applied  to  the  ground ;  the  ne(*essiiry  electrode  is 
block-tin  or  metallic  cloth  phice<l  on  the  bare  skin  or  mucous  membrane. 
Begin  the  application  with  the  discharge  nxls  touching;  then  gradually 
sepanit4^  them  until  the  desired  strength  of  charge  is  attained. 

The  eU»ctric  sonjfte  or  wind  is  api)lied  by  directing  the^  i>oint  of  a  me- 
tallic uninsulatiMl  rod  toward,  but  one  foot  away  from  the  patient.  The 
])oint  is  electrified  negatively, — /.  <•.,  if  we  are  using  x>ositive  electricity. 
The  surrounding  air  particles,  becoming  electrified,  are  attracted  to  the 
nearest  i)art  of  the  patient's  body,  thi^  stream  of  molecules  producing 
a  perceptible  current  of  air.     The  action  of  the  souffle  is  sedative. 

Dr.  William  J.  Morton's  ^'  Wave  Current  and  High-Frequency  Ap- 
paratus "Ms  descril>ed  as  folh)ws  : 

*^One  prime  conductor  of  the  static  generator  is  grounded;  the 
other  is  connected  with  an  electrode  applied  to  the  patient  who  is  on  an 

'  l^ulletin  Officiel  <le  la  SocioU'*  Fraiivaised'Electrotherapie,  Jan.,  1899  ;  Electrical 
Enjjinuer,  vol.  xxvii.,  Marcli  2,  1899. 
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insulating  stand.  The  current  received  by  the  i)atient  is  due  to  the 
spark  discharge  between  the  knobs  of  the  prime  conductors.  The  patient 
forms  one  coating  of  a  Leyden  jar  condenser,  the  other  coating  of  which 
is  the  earth  and  surrounding  objects  and  walls  connected  electrically 
therewith. 

^' The  greater  part  of  the  charge  and  resulting  strain  on  the  dielectric 
(air)  will  be  found  at  those  parts  of  the  patient  and  the  floor  or  walls  of 
the  room  that  are  nearest  together. 

**  If  the  spark-gap  be  long,  the  time  of  charging  by  the  small  con- 
tinaoiis  current  will  also  be  comparatively  long,  because  the  potential 
most  be  raised  to  a  high  point  in  order  to  produce  a  long  spark.  The 
duration  of  the  discharge,  which  will  probably  be  an  oscillatory  one  of 
relatively  high  firequency  because  of  the  small  capacity  of  the  condenser, 
will  be  short.  The  small  continuous  charging  current  will  flow  through 
the  patient  without  causing  appreciable  sensation.  The  sudden  oscilla- 
tory discharge  may  flow  over  the  surface  of  the  patient  because  of  its 
high  frequency,  and  therefore  without  disagreeable  effect.  As  the  length 
of  the  spark  gap  is  diminished,  the  time  and  amount  of  charge  become 
less,  with  a  resulting  diminution  of  sensation." 

The  following  chart  illustrates  static  modalities  in  a  convenient 
form : 
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GALVAXIO,  COSTISUOVS,  OR  DIRECT  CURRENT. 

Galvaxism  is  uaiue<l  in  honor  of  Giitvaui.  a  physician  of  Bologna, 
who  in  1700  ohwired  that  convulsive  seiznivs  could  be  prodaccd  in  the 
limt>»  of  a  dead  frog,  when  certain  metals  were  made  to  toach  the  nene 
and  muscle  sinmltaneously.  The  flectrical  theor}- of  these  motions,  how- 
ever, originated  with  Volta,  and,  deserving  of  the  credit  that  his  genius 
gave  to  science,  his  name  is  inseparably  linked  with  the  subject  of 
galvanism. 

Battery. 

A  galvanic  battery  is  a  collection  of  two  or  more  galvanic  cells  ( Fig. 
23)  so  connected  that  the  electricity  generated  by  all  can  be  conducted 

?lE^T/y£       ■«,     Pos/r/^£ 

■  Pole. 


Fir.  £;.— GalTBTiic  cell. 


through  a  single  wire.  A  cell  consists  of  two  dissimilar  metals,  one  of 
which  is  more  i-Ciidily  acted  upon  by  tlie  electrolyte  than  the  other. 
The  metals  usually  selected  are  zinc  and  copiter.  Such  a  cell  is  frequently 
ix'ferrcd  to  ii.S  a  galvanic  couple. 

CuXXEI'TIOXW. 

Upon  joining  the  two  metals  with  a  wire  an  electrical  circuit  is 
formed.  If  a  iiHnil>er  of  such  simple  cells  are  united  in  "series,"  the 
zinc  plate  of  one  joined  to  llie  ctipjwr  plate  of  the  next,  and  so  on,  a 
greater  diffei-encc  <if  potential  will  Iw  ])roduciHl  between  the  copper 
"pole"   at  one  end  of  the  series  and  the  zinc  "pole"   at  the  other. 
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Hence,  wlieu  twu  or  more  poles  iire  couiiected  by  ti  wire,  lliere  will  Ix'  :i 
greater  flow  of  electricity  than  would  Ik-  generated  l)y  ii  single  ixll.  SiicL 
is  tlie  principle  of  the  gjilvanic  battery.  The  connection  of  zinc  to  copper 
thronghont  the  cells  makes  the  latter  in  "  serie.s,"  By  this  arrangement 
the  amperage  is  the  same  as  for  a  single  cell,  bat  there  is  a  great  increaHe 
of  voltage. 

The  cells  are  said  to  be  in  "panillel"  when  all  the  zincs  are  con- 
nected with  t«*'h  oilier  and  all  the  coppers  ai-e  united  to  caeli  other.  In 
this  instance  the  electro- motive  force  is  not  iucreatted,  but  the  strength  of 
the  current  is  materially  augmented. 

Types  of  Ceixs. 

The  cells  used  in  the  formiitiou  of  bivtterica  may  Ik  either  "dry  "  or 
'•wet,"  By  a  "dry"'  c«ll  is  meant  the  combination  of  certain  metallio 
bodita  in  such  a  way  as  to  produce  a  simple  galvanic  current  without 
making  use  of  an  electrolyte ;  the  latter,  however,  is  employed  in  the 
"wet"  cell.  Of  these  the  best  is  the  zinc-carbon  type,  of  which  there 
are  a  variety  on  the  miU'ket. 

Grovels  Cell. — This  consists  of  an  outer  cell  of  ghized  ware  con- 
taining an  amalgimiated  zinc  plate  and  dilnte  sulphuric  acid.  In  the 
inner  porons  cell,  a  strip  of  platinum  senes  sis  a  negiitii'c  (lole  and  dips 
into  the  strongest  nitric  acid.  The  hydrogen  generated  by  the  sulphuric 
acid  iwts  upon  the  zinc  and  transferred  to  the  platinum  element  meeta 
the  nitiric  acid  and  decomposes  it.  The  platinum  is  not  acted  upon  by 
the  ai'icL  The  advantage  of  the  Grove  cell  is  its  lowest  internal  i-esist- 
au<-i',  and  its  high  electro -motive  force. 

Irately  the  use  of  dry  cells  has  come  into  \<igiie.      These  are  jiort- 
able,  do  not  need  attention  iis  ta  i-efilliug,  etc.,  and  tliey  are   in  every 
"way  ecjual  to  the  best  of  the  wet   batter- 
ies.    Most   of  them  are  made  of  chloiide 
of  silver,    and   are  encased    in   a   readily 
portable  box. 

The  Biinnrji  ccV  (Fig.  24)  differs  from 
the  Grove's  cell  only  in  that  it  contains  a 
embon  cylinder  in  place  of  a  platinum  plate 
A  common  Bunsen  cell  will  give  a  current 
strength  on  short  circuit  of  12  amperes. 

To  avoid  the  annoyance  and  the  dan- 
ger occasioned  by  the  liberation  of  nitrous 
acid  fumes  derived   from   the   nitric  acid 

emplojed.  chromic  acid  or  a  combination  of  potassium  bichromate  and 
sulphuric  ai-id  may  l«  substituted.  This  constitutes  the  bichromate-  cell. 
This  cell  ia  uipahle  of  generating  a  high  electro-motive  force. 


I--'::,. 


II  (double  nmu). 
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The  Ijedanche  cell  consists  of  a  jwrous  cup  and  a  carbon  plate.  The 
positive  element  consists  of  a  rod  of  zinc,  having  a  copi)er  wii-e  attached. 
The  exciting  fluid  is  a  solution  of  sal  ammoniac,  in  which  the  zinc  dis- 
solves, forming  a  double  chloride  of  zinc  and  ammonia ;  while  ammonia 
gas  and  hydrogen  are  lilxjrated  at  the  carbon  pole. 

Care  of  the  Batteky. 

When  a  battery  is  freciuently  and  continuously  used,  it  is  essential 
that  the  plates  should  1h*  kept  ch*an  by  wiishing,  scraping,  etc.  The 
solution  must  Ikj  renewed  from  time  to  time,  and  the  zincs  must  also  be 
amalgamatcHl. 

When  not  in  use,  the  metal  plates  should  be  withdrawn  from  the 
s^ilution.  If  they  remain  too  long  a  time,  a  deposit  of  salt  occurs  on  the 
top  of  the  zincs,  which  must  be  removed  to  insui-e  the  correct  working 
of  the  apparatus.  The  batter>'  is  working  correctly  when  bubbles  of 
hydrogen  are  jwrceived  to  rise  at  the  sides  of  the  zinc. 

Chargixg  the  Cells. 

Dissolve  one  and  one-half  ounces  of  bichromate  of  potash  in  ten 
ounces  of  cold  water,  and  add  one  ounce  of  sulphuric  acid.     Allow  the 

solution  to  cool. 

• 

Polarity. 

When  a  batterj'  has  l)een  disconnected  and  put  together  again,  esi)e- 
cially  if  it  has  many  complex  parts,  there  is  danger  that  the  positive  pole 
may  be  accidentally  connected  to  the  binding  screw  marked  ''negative/' 
and  vice  versa.  To  obviate  this  error  it  is  neccssiirj'  to  resort  to  some 
method  of  testing  the  polarity  of  the  elect rodi^.  For  this  purpose  the 
use  of  wet  litmus  answers  admirably.  The  ends  of  the  wires  resting  on 
the  litmus  for  a  few  minutes  will  show  the  rcisults  of  elet*trolysis,  the 
paper  becoming  reddened  by  the  acid  liberated  at  the  positive  pole,  and 
will  turn  blue  at  the  cathode  or  negative  pole.  Other  reagents  proposetl 
include  a  solution  of  phenol-phthaleiii  in  dilute  alcohol,  which  gives  a 
I)urple-red  color  at  the  cathode. 

A  ({uickly  i)erforin(Hl  test,  is  to  imniei-se  the  tips  of  the  wii-es  in  u 
saline  solution,  an<l  it  will  Ik*  found  that  the  negative  pole  wjn  give  off 
doul)le  the  volume  of  hydrogen  gas  in  comparison  with  the  oxygen  gas 
li])erated  at  the  anode. 

Wall  Cabixet.     (Fig.  25.) 

This  is  of  gn^af  utility,  in  that  it  allows  of  a  wide  range  and  varia- 
tion of  current.    It  is  so  ronstructed  as  to  be  readily  adapted  for  use  with 
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the  110-volt  curreut,  with  any  conuuercial  current,  or  with  a  series  of 
cells.     It  combiiieH  a  galv»uii%  faradicT  aud  sinusoidal  outfit. 

Direct  coraraercial  ciirreuts  are  often  used  instead  of  cells,  but  when 
a  commercinl  cunvtit  is  nseil  the  means  of  regnlaliii;;  the  voltage  is  of 


titmost   importance,  I>ecause  when  the  curreut  passes  tlirougli  the 

at  low   pressure  or   voltage,   there  is  moi-e  diftusiou,   iuid  the 

I  actioD  of  the  curreut  is  mure  completely  coufiuetl  to  tliu  .surface  of  the 

I  deetrodes,  and  is  thus  ie,ss  painful ;  wherea.s,  wheu  the  current  passes 

I  tiirough  the  tissues  at  hiyh   pressure  (ar*  is  tin-  ta.se  when  a  rheostat 
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is  used  for  regulatiug  the  strengtli),  it  does  not  spread  out  in  passing 
through  the  tissues,  and  is  thus  more  painful,  but  better  adapted  for 
c-ataphoresis. 

The  Rheostat. 

The  rheostat  or  current  controller  is  an  appliance  for  the  reduction 
of  the  known  electro-motive  force.  By  its  use  we  may  also  turn  *'on" 
or  *'off "  the  current- supply  as  gnidually  as  desired.  The  various  forms 
of  rheostats  have  been  fully  described. 

Electrodes. 

These  are  of  various  forms  and  sizes,  as  the  special  part  and  purpose 
may  demand.  Some  of  the  most  useful  electrodes  are  those  that  are  ad- 
justable. The  latter  are  useil  in  central  galvanization,  galvanization  of 
the  cervical  sympathetic,  etc.  The  adjustable  electrode  can  be  readily 
passed  under  the  clothing,  thus  obviating  the  necessity  of  the  patient  un- 
dressing. Electrodes  are  made  of  various  substances,  sponge  or  absorbent 
cotton  being  most  commonly  employed. 

The  part  to  which  the  electrodes  are  to  be  applied  must  be  free  of  all 
clothing.  If  the  skin  is  harsh,  dry,  or  hairy,  it  is  well  to  moisten  it 
with  a  sponge  dipped  in  an  aqueous  solution  of  bicarbonate  of  soda«  In 
beginning  trejitment,  the  strength  of  the  current  used  should  be  regulated 
by  the  sensations  experienced  by  the  patient.  A  safe  rule  is  to  begin 
with  a  weak  current  and  gradually  increase  it.  It  is  necessary  that  the 
sponge  attached  U)  the  electrode  be  frequently  washed  in  warm  water, 
and  those  that  are  much  in  use  should  be  subjected  to  the  disinfecting 
a<*.tion  of  chlorinated  solutions. 

Galvanometer. 

This  is  an  instrument  employe<l  for  the  purpose  of  indicating  and 
measuring  the  strength  and  the  direction  of  a  current.  The  principle 
involved  in  its  construction  is  that  a  current  of  electricity  will  deflect  a 
magnet  from  its  normal  position.  An  ingenious  device  is  the  Deprez- 
IV  Arson val  galvanometer.  This  electrode  bears  a  milliamperemeter  and 
allows  of  application  in  any  position.     (Fig.  26.) 

M I  LLi  A  M  perp:meter. 

This  iiistrunKMit  is  the  standard  for  mejisuremcnt  of  electrical  units. 
Under  the  principles  of  electricity  we  observed  that  the  ampere  was  the 
unit  of  current  stnMij^th,  but  this  is  entirely  too  powerful  for  electro-thera- 
peutic purpos^^s.  The  resistance  of  the  human  body  is  approximately 
3000  ohms,  and  the  niilliami)ere  (the  one-thousandth  part  of  an  ampere) 
has  been  found  a  more  convenient  unit  for  that  resistance. 
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The  Galvano-Fahadu-  Box. 

This  ifl  a  combination  of  the  galvanic  and  faradic  battery.  The  cur- 
rent fiom  the  battery  is  generated  hy  the  Leclaueh6  cell,  which  contains 
dry  sal  amuioniac,  the  nce<«8ary  water  l»eiug  added  when  called  into 
use.  It  possesses  a  great  variety  of  combinations  of  length  of  wire, 
eiLibling  the  operator  to  regulate  llje 
correut  strength  at  will.  The  njiparatus 
is  provided  with  a  rheostat,  a  rapid 
iuterrnpter,  a  pole  changer,  a  slow  aato- 
uiutie  iutei'nipter,  ete. 

Definitions  of  Tbhms. 

Althongh  many  of  these  teiius  have 
been  ami  will  be  define*!  at  length,  it 
is  thought  best  to  tabulate  tlieni  here, 
BO  aii  to  present  in  a  comiwict  form  the 
romnioner  expressions  employed  in 
electro- therapeul  ies. 

In  stabile  appliculioas  lK)th  elec- 
trodes are  kept  in  a  lixed  positiiin. 

In  labile  applications  one  of  the  eler- 
troUes  ia  moved  over  the  surface,  some- 
times both  are  moved  stntiiltuneoiisly. 

A  currcDt  is  sometimes  called  con- 
linuoua  when  it  is  allowe<i  to  flow  in  one 
direction,  without  interruption. 

A  current  is  said  to  l>e  interrupted 
wheu  it  is  brokeu  by  the  removal  of  oii< 
form  of  current- breaker  in  the  electrode,  or  by  any  method  of  breaking 
iu  the  circuit. 

VoUaic  allertiativea  is  the  term  applied  to  those  applications  in 
which  the  current  is  reversed  continually,  while  the  electrodes  are  kept 
firm. 

The  atceiulUig  current  is  one  where  the  flow  i.s  from  the  periphery 
t«iwanl  the  nerve  centre. 

In  the  deaceni/iHff  cwrent  the  flow  is  in  the  direction  from  tlie  nerve 
centre  toward  the  periphery  of  a  part. 

By  the  term  domgr  we  mean  the  ampenige  of  the  current  employed 
either  in  trwitment  or  for  diagutietic  purposes  ;  the  dnratiou  of  each  ap- 
plication of  the  electnxies,  the  amount  of  pressure  exerted,  and  the  size 
of  the  surface  of  the  eleelriMle  apptieil,  are  conditions  which  must  be 
taken  into  considemtion  when  the  dosage  ia  to  be  accurately  ascertained. 
(Sloilifled  after  Rockwell. ) 


!  of  the  electrodes,  or  liy  s 
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Methods  of  Application. 

There  are  two  methods  of  applying  current  to  a  part, — (1)  stabile 
and  (2)  labile, 

(1)  By  the  stabile  method  we  mean  the  keeping  of  the  electrodes 
on  spots  first  ascertained,  without  moving  them  about  in  any  direc- 
tion,— t.  e,,  the  electrodes  are  retained  in  stationary  positions.  After 
ascertaining  the  polai*ity,  the  si>onges  are  carefully  moistened,  and 
it  is  then  decided  which  pole  is  to  be  applied.  After  this  has  been 
done  the  electrode  is  gently  applied  to  the  part,  bearing  upon  it  with  a 
slight  degree  of  pressure.  The  current  is  now  turned  on,  beginning 
with  a  minimum  degree  of  current,  and  gradually  increasing  it  by 
turning  the  lever  of  the  rheostat ;  the  amount  of  current  applied  de- 
pending upon  the  susceptibility  of  the  patient.  The  current  should 
not  be  turned  off  suddenly,  as  this  is  liable  to  shock  and  induce  fear  in 
the  mind  of  the  patient. 

The  sudden  reversal  of  the  polarity  in  the  circuit  formed,  is  also 
liable  to  produce  an  unpleasant  sensation.  Each  and  every  apparatus 
has  certain  appliances  and  methods  of  working  them,  and  the  directions 
accompanying  the  instrument,  as  outlined  by  the  manufacturer,  should  be 
carefully  followed. 

(2)  Labile, — This  method  consists  in  keeping  one  of  the  electrodes 
at  a  certain  indifferent  part,  while  the  other  electrode  is  slowly  moved  or 
strokea  over  the  skin  of  the  part  to  which  the  current  is  to  be  applied 
In  this  stroking,  a  certain,  even,  constant  pressure  should  be  exerted 
As  in  the  former  instance  the  current  strength  should  be  very  gradually 
increased,  and  at  its  com]>letion  the  current  intensity  should  again  be  re- 
duced as  much  as  possible  before  removing  the  electrode.  This  method 
has  a  stimulating  eftect,  especially  upon  the  nervo-muscular  tissue  of 
the  part. 

The  positive  electrode  is  preferably  held  stationary  at  some  indif- 
ferent part,  tus  in  the  right  hand  when  treating  the  lower  extremity. 
The  cathode  or  negative  electrode  is  applied  and  reapplied  alternately. 
When  contact  is  made,  a  complete  electrical  circuit  results  ;  when  with- 
drawn, this  circuit  is  broken,  and  no  sensation  of  a  current  can  be  felt 
by  the  patient. 

A  method  which  I  prefer  consists  of  an  interrupting  electrode 
handle.  By  pressing  a  small  lever  and  again  releasing  it,  the  circuit  is 
respectively  made  and  broken.  It  is  easy  to  manipulate,  and  the  results 
obtained  are  most  sjitisfactorv. 

Another  method  used  is  called  the  '*  voltaic  alternative,''  which  con- 
sists in  alternately  revei^sing  the  polarity  of  the  circuit  by  working  the 
lever  of  the  commutator  or  poh*  discharger.  This  current  is  employed 
for  diagnostic  purposes,  as  in  atrophy  of  muscles  of  a  part,  etc. 


DIRECT  CUKREXT. 
Xasizatiox. 

The  objevt  of  central  galviiDizittiou  is  to  siil^ject  the  whole  central 
b  oeni'ous  system  to  the  iufliieiice  of  the  galvaiiic  euriviit.  Oue  pole,  prefer- 
Lably  the  cathode,  is  applied  agikiiist  tiie  epigastrium,  whilst  the  unude 
I  placed  over  the  foi-ehead  for  a  period  of  time,  depending  npon  the 
I  parpose  for  which  the  eurreiit  is  employed.  As  a  rule,  au  application 
f  of  five  uiiDUtes  dnmtion  may  be  accepted  as  &  uiaxiiuum.  The  positive 
Kpole  sboiilil  then  be  moved  to  tlie  \ertex,  and  thence  along  the  course  of 
I  the  v^ns  and  over  the  sympathetic  area  to  the  lowest  extremity  of  the 
[vertebral  oolnmn.  There  may  be  found  on  the  market  a  variety  of 
[portable  batleries  combining  in  one  a  galvanic,  farudic,  cautery,  and 
idiagnostic  lamp  battery.     fFig.  27.) 


0.\i.v  A  no-Faradization. 

By  this  term  we  mean  the  combination  of  both  the  galvanic  and  the 
fiiradic  currents.  This  may  be  applied  by  employing  four  separate  elec- 
trodes, or  by  connecting  the  secondary  coil  and  the  galvanic  battery  in 
one  circuit,  the  negative  pole  of  the  one  with  the  positive  of  the  other, 
attaching  the  electrodes  to  the  two  exti'eini'  poles,  and  thus  paasing 
«jmultaueoUHly  both  currents  through  the  body. 

iCal'teby  Battehtem. 

These  an-  .somewhat  ditTerent  from  (he  balleries  uliove  rcferre<I  to. 
They  are  sulxlivided  into  two  classes, — the  lIuTmo-cnuleri/  and  tin-  liifht 
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battery.  It  is  liei-e  our  aim  to  iiierejise  the  amperage  and  not  the  electro- 
motive forc*e,  lience  it  is  uec*essary  that  the  cells  be  arranged  in  the  form 
of  '•parallels."  For  lighting  a  small  incandescent  lamp  which  requires 
a  voltage  of  i\  c  p.,  tlie  cells  must  be  c*ounected  in  a  group  of  two, 
whereby  the  electromotive  force  is  halved,  and  the  size  of  the  cells 
doubled. 

Accumulatoi*s  seem  to  l)e  mori*  seiLsitive  for  this  work,  especially 
when  there  is  a  direct  I10-curi*ent  available  for  charging. 

The  use  of  the  continuous  curi*ent  in  diiignosis  and  as  a  therapeutic 
agent,  will  lx»  found  fully  disc*ussed  in  the  chapters  on  Electro-Diagnosis 
and  Elect ro-Therapeutic*s. 

Sixr?^iDJLL  Current. 

This  current  is  alternating  in  tyj>e,  and  derives  its  name  from  the 
fact  that  its  relation  to  time  follows  the  law  of  series.  It  beara  a  great 
similarity  to  the  ordinary,  pure  faradic  current,  in  so  far  that  its  motor 
effect  also  varies  according  to  the  rate  of  alternations.  When  the  alter- 
nations are  20  or  less  i)er  second, — i.e.^  when  they  are  very  slow, — the 
effect  proiluced  will  be  a  contraction  at  each  end  of  an  alternation. 
When  the  alternations  are  more  rapid, — sjiy,  200  or  2000, — the  muscular 
contraction  becomes  tetanic. 

The  sinusoidal  current  has  a  smooth  and  gradual  variation.  It  is 
typically  adapted  for  muscular  stimulation,  and  by  a  properly  constructed 
aj>paratus  we  may  apply  a  slightly  greater  milliamperage  than  the  paiu- 
y)rrHlucing  properties  of  the  primary  induction  current  would  i)ermit. 
The  ease  with  which  a  large  numl)er  of  complete  alternations  per  second 
of  this  smooth  character  can  be  obtained,  renders  the  sinusoidal  current 
an  excellent  nerve  sedative. 


CHAPTER   IV 


FAEADIC,  IXTEKKt  PTED,  OR  IXDUCED  CURRENTS. 

Principles  of  Induction. 

According  to  a  natural  law  it  is  observed  lliat  wlieri  two  distinct 
circuits  are  near  each  other,  curreuta  in  the  oue'will  "induce"  currentB 
— or,  more  exactly,  electro-motive  forces — in  the  other.  These  iudticed 
currents  are  of  momentary  duration  and  appear  only  when  the  inducing 
current  is  uiude  to  vary,  as  is  instanced  when  the  current  is  made  or 
broken.  The  cnrreut  induced  at  the  l>eginning  of  the  inducing  current 
ie  opposite  in  dirwtion  to  the  iudncing  cnrrent  itsi'lf;  and  the  current 
induced  at  the  break  of  the  indu<?irig  current  has  the  same  direction  as 
the  iudueiug  curreut.  The  strength  of  a  current  so  protiuced  is  propor- 
tional to  the  streuglh  of  the  producing  euri-ent  plus  the  length  of  the 
wire  subjected  to  the  iuflueuce  of  the  inducing  current  circuit.  The 
station  of  the  inducing  current  in  the  first  coil  is  augmented  if  there  be 
intriMluced  within  this  coil  a  soft  iron  core,  constituting  the  so-called 
electro -magnet. 

Based  upon  these  principles,  first  studied  by  Faraday  in  1S32,  is  the 
&nulic  or  iuduetion  battery.  This  battery  consists  of  one  or  more  cells 
placed  in  circuit  with  a  primary  iusulated  wire  surrounding  the  core,  and 
with  an  automatic  device  for  alternately  breakiug  and  making  the  cell 
current.  Over  the  primary  coil  is  sliiiped  a  bobbin  having  another  coil 
of  insulated  wire  wound  around  it.  The  secondary  coil  has  no  connec- 
tion with  the  cell,  deriving  its  curn'nt  by  induction,  because  of  its  being 
placed  over  and  close  to  the  primary  coil  smd  wire. 

Mkdical  iNDL'tmox  Coil. 

The  principles  of  Ihe  induction  coil  are  well  illustratetl  in  Fig.  28. 
The  current  makes  a  circuit  fi-oni  the  cell  and  psi.s.scs  through  the 
platinum  point,  A,  to  the  interrupter,  and  thence  through  the  primary 
coil :  the  latter  becomes  an  electro-magnet,  which  brings  about  the 
interruptions,  through  the  mechanism  of  the  hammer. 

The  heavy  line  indicates  the  primary  interrupted  curreut.  The 
light  line  Jndiciit<s  the  induced  or  secondary  curreut. 

The  intensity  of  the  induced  curreut  Ciiu  l>e  regulated  by  sliding  the 

metallic  tube  in  or  nut.     The  arrow  I>  ■« *•  /  indicates  that,   when 

the  sliding  tube  passes  in  the  direction  D,  there  is  a  deci'ease  of  current, 
1  decrease  in  the  area  of  the  magnetic  field,  and  vice  verai. 
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The  operation  of  the  coil  is  as  follows :  The  cell  current  proceeding 
from  the  carbon  pole  of  the  cell  traverses  the  primary  coil,  and  returns 
to  the  cell  through  the  interrupter,  the  platinum  points  of  the  latter 
being  in  contact.  In  the  act  of  traversing  the  coil,  this  current  makes 
the  core  magnetic,  which  in  turn  attracts  the  small  armature  on  the  in- 
terrupter, breaking  the  cell  current ;  the  magnetism  of  the  core  now 
having  disappeared,  the  spring  returns  to  contact,  when  the  process  is 
again  repeated.  On  closure  of  the  cell  current  a  reverse  induction 
arises  in  the  secondary  coil,  but  this  rises  slowly  on  account  of  self- 
induction  between  contiguous  windings  of  the  primary  coiL  At  the 
instant  of  opening  the  cell  current,  a  direct  current  arises  in  the  sec- 
ondary coil  of  a  much  sharper  curve  of  ascent  because  there  is  but  little 


FiQ.  28.— Medical  induction  coil. 


self-induction  to  interfere  with  it.  It  is  imperative  that  these  coils  shall 
not  touch  each  other  at  a  single  point.  Upon  opening  or  closing  the 
primary  circuit,  there  will  be  established  an  induced  current  in  the 
secondary  coil.  This  type  of  electric  current  is  produced  by  the  use  of  a 
medical  Ruhmkorff  coil.  The  screw  of  the  vibrating  hammer  should 
always  l>e  most  carefully  regulated.  Some  of  the  coils  have  two  kinds  of 
interrupters  accompanying  the  outfit.  One  of  these  is  slow,  while  the 
other  is  more  or  less  rapid.  Occasionally  the  hammer  requires  a  slight 
touch  of  the  finger  in  order  to  be  started  so  as  to  form  a  circuit 
between  the  coil  and  cell  or  batter5\  The  current  produced  by  a  fa- 
nulic  equipment  is  alternating  in  character,  as  may  be  readily  demon- 
strated when  applied  to  the  tissues.  Instead  of  a  current  from  a  cell, 
advantage  is  often  taken  of  a  direct  llO-current,  as  is  well  illustrated  in 
Fig.  29. 


UfDUCED  CTEEENTS. 

IXTEKBUPTEK    OR    EOEOTOME. 

The  interrupter  whicli  forms  an  esseutial  part  of  the  battery  is  the 
vibrating  spring  hiunmer  of  Xeef.  Mauy  authorities  condemn  this  form 
of  rheotoine,  and  reeonimeud  uac  which  has  double  the  ordinary  spring 
length,  both  ends  being  attjwhed  to  posts,  to  one  of  wliich  is  connected  a 
tension-screw  for  regulating  the  rate  of  vibratious.  Tlie  armature  is 
attached  to  the  middle  of  the  brasn  spring  and  platiunm  plate  for  contact 
near  the  fixed  post.  Besides  regulating  the  frequency  and  amplitude  of 
the  yjbrationa  by  the  tens  Sou -screw,  we  regulate  them  also  with  the  set- 
s<'rcw  carrying  the  platinum  contact  point.     This  device  gives  easily  the 


rate  of  vibration  suitable  for  muscular  contraction,  and  lliis  is  from  1  to 
altout  3000  per  minute.  Vibrations  above  3000  per  minute  are  sedative. 
The  highest  etimulatiou  is  from  3000  to  4000  interruptions  per  minute. 

Method  of  Application. 

This  method  of  electrization  oousints  iu  placing  one  pole,  generally 
the  negative,  at  the  feet  or  «>ccyx,  while  the  other  is  applied  to  any  part 
of  the  surface.  The  current  may  be  applied  (stabile)  stationary  or 
(labile)  moving ;  it  may  be  increiiwed  or  decreased  in  intensity  according 
to  the  desire  of  the  operator.  The  person  applying  it  should  have  some 
experience,  so  that  the  very  best  results  may  be  obtained. 
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Localized  Faradization. 

Localized  faradizatiou,  as  termed  by  Duchenne,  or,  more  correctly, 
polar  faradization,  in  contradistinction  to  the  polar  and  bipolar  method 
of  galvanization,  is  applied  in  precisely  the  same  manner  as  is  the  galvanic 
current.  This  localized  or  polar  methoil  has  eliminated  the  unscientific 
terms ''ascending'' and  ^'decending ''  currents.  Nevertheless,  we  still 
speak  of  labile  and  stabile  currents,  one  of  the  electrodes  being  moved 
over  the  surface  or  lx)th  being  stationary,  and  of  superficial  and  deep  or 
penetrating  currents;  the  former  with  a  dry  metallic  electrode  to  the 
diy  skin  and  sui>erficial  nerves,  the  latter  with  moist  electrodes  to  the 
deep-seated  tissues. 

As  A  Diagnostic  Agent. 

As  a  diagnostic  agent,  the  induction  current  is  of  value  for  de- 
termining the  increiise  or  decrease  of  pathological  excitability,  and  in 
differentiating  between  central  and  iw^rij^heral  lesions.  The  tension 
current  (fine  coil)  is  sedative  in  character  and  is  valuable  in  quieting 
hysterical  suffering,  thus  affording  differentiation  between  pain  and  hys- 
teria in  gynecological  x)ra<*tice.  The  irritability  of  muscle  is  tested  by 
determining  the  lowest  i>ower  of  the  faradic  current  which  will  contract 
it,  and  then  comparing  with  the  normal  side.  In  hysterical  paralysis,  the 
electro- contractility  is  usually  normal,  while  electro-sensibility  is  low- 
ered; in  infantile  paralysis  voluntary  contractility  is  increased,  whilst 
faradic  contnictilitj'  disjippe^ii-s.  So  also  in  the  reaction  of  degeneration, 
or  where  a  nerve  is  cut  in  its  continuity,  and  more  or  less  atrophy  or 
degeneration  is  found  in  both  muscle  and  nerve. 

As  a  Therapeutic  Acjent. 

As  a  tlienipeutic  agent  the  induction  current  acts  on  nerves  and 
muscles,  stimulating  each  into  action  or  developing  anaesthetic  effects. 
Its  use  therefore  is  demanded  in  instances  of  nerve  or  muscle  pain.  Bi- 
polar electrodes  are  most  efficient  in  producing  contraction  of  relaxed 
pelvic  muscles,  including  the  uterus  itself;  in  other  cjivities  and  mucous 
membranes  its  employment  is  becoming  general,  through  the  brilliant 
results  achieved  by  Apostoli. 


CHAPTF.K    \ 
CATAPHORESIS.     HYlUiO-ELECTRK'  BATH. 

I,  Cataphorcsia. 

CATAPUOKESiti  is  the  iutroduction  into  the  huiiiii.ii  body  of  remedial 
ugetita  through  the  physical  properties  of  the  eleotiiral  current.  Were 
the  procedure  electrolytic,  either  pole  could  be  applied. 

In  1859  Dr.  B.  W.  Richardson '  pi-oduc«d  loc-al  aufesthesia  by  apply- 
ing morphia  to  the  anode.  Siuce  then  varioiis  experimeuters  have 
succeeded  in  introduciug  luauy  dififereut  medicaments  by  this  process. 
Accurate  dosea  are  ejisily  obtained.  A  piece  of  tissue  paper  or  absorbent 
cotton  is  patterued  to  fit  the  electrode,  aud  the  desired  quantity  of  the 
agent  is  placed  upon  it;  the  current  streiigth  vaiies  from  3  to  20  milli- 
amperes,  Ciitaphoresis  i.s  mainly  used  to  impress  the  skin  aud  muanis 
membranes.  Chloroform  should  only  be  employed  as  a  counter-irritant,  us 
its  application  produces  a  dermatitis.  Helleborin  and  acouitin  bavt*  been 
successfully  used.  Figs.  30,  31,  32,  33  depict  various  forms  of  cataphoric 
elect  i-odes. 

Rockwell  believes  that  "the  effects  of  the  galvanic  current  upon 
nutrition  are  in  part  due  to  the  cataphoric  transfer  of  molecules  of 
protoplasm  and  liquid  from  oue  cell  to  another,  or  from  a  cell  to  a  cajiil- 
lary  vessel  iti  the  path  of  the  anodal  stream,  aud  since  the  diffusiou  takes 
place  more  rapidly  aud  more  quickly  in  direct  proportion  to  the  current 
strength,  it  behooves  o-s  to  employ  as  many  milliamiwres  as  feii-sible  in  onr 
galvanizittion  of  the  atrophied  aud  paralyzed  extremities  of  poliomyelitis 
and  chronic  neuritis  and  peripheral  nerve  trauma." 

Dr.  James  C.  Gill,'  in  a  paj)er  read  at  the  Thirteenth  Annual  Meeting 
of  the  American  Electro-Therapeutic  Association,  September  23,  1903, 
entitled  "Cataphoresis,"  said:  "I  believe  that  twcaiue  used  with  the  aid  of 
cataphoric  action  of  electricity  is  the  ideal  method.  Its  use  requires  no 
great  amount  of  skill  aud  no  expensive  complicated  outfit ;  an  ordinary 
galvajiic  current  with  various  sized  electrodes  is  all  that  is  neeessiiry. 
Tlie  strength  of  the  current  or  the  solution  used  matters  but  little,  aa  the 
stronger  the  solution  the  leas  time  required  to  produce  the  desired  effect, 
and  a  high  iimpenige  is  undesirable  because  of  the  unpleasant  sensation 
from  the  electric  current.  The  advantages  of  cataphoric  aussthesia  are 
these :    1.  Complete  aniestliesia  without  pain,  which  fact  should  not  be 

'  Hediual  Times  ami  Gazette,  February  12  and  June  25,  1 859, 
'  Joumnl  of  Advanced  Therapeutic?,  July,  li)04. 
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uuderesti  mated,  especially  wheu  dealing  with  aJi  at-utoly  iuflamed  t 
bypersensitive  area,  such  as  is  freciuently  found  iu  tertaiii  couditioiis 


ihcliUnpliuwIiy  nuT  D.    IebIm  holdutbe  lip  loicoonH'tlng  wlih  [lie  batti 
which  Ii  lield  In  plue  by  A,  und  at  Ihenme  time  It  liieulBIi'R  the  skin  froi 
o  i«n  Iroin  A  lo  the  lUn  of  Ibe  pAtlent.  tbrough  tbe  mtdlrattd  |>ap*;r  conealDCd  la  U 
r  A  tod  B.    (Courtetj'  of  Wklte  uid  Barlltit  Maiiulocturing  Co  ) 


The  one  larth«t  to  tbe  kft  conilat*  of  s  Rloa  jftr,  covered  wlih  a  poroiu  furthy 
la  nlled  wUb  ibe  lOlutlon  dnitei).  Tha  middle  elwlmde  la  IbM  ot  Etstnbeiy,  made  of  eboi 
coierud  with  parchment.  The  iJKht-hftud  ooe  1^  the  eleclrode  of  Dr.  StmDB«,  which  beewi 
unall  ilsff  ran  be  iitillMd  Id  the  tremimenl  of  acne,  sj'poelj,  etc.     (From  tbe  ciHalogTiB  ol  t 


] 


neoessltating  the  use  of  the  knife.    2.  No  danger  from  constitutional  dis- 
turbances, as  tbe  cataphoric  action  of  the  current  brings  the  tlnig  t 
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contact  with  the  termiual  Ulaiueuts  of  the  sensory  iiervefl,  and  uot  into 
thf  nbsorbCDt^  as  does  the  hypudtirniie  injection,  a  sufiieieut  amount  is 
never  tukeu  into  the  general  circulation  to  produee  any  notictuvble  effect. 
Personally.  I  liiive  never  seen  anj-  disagreeable  symptom  from  its  use  in 
this  way.  3.  >"o  danger  of  formation  of  drug  habit.  Patients  do  not 
know  from  any  effect  upon  the  nervous  sy.stem  that  any  drug  has  been 
used.  4.  A  large  area  may  beauffiathelized,  if  necessary,  with  the  absence 
of  nnfavorable  symptoms." 

I>r.  G.  Betton  Massey,'  "The  Apostoli  Treatment  j  Final  Results  in 
Some  Cases  of  Fibroid  Tumoi'  of  tiie  Uterus, ' '  records  the  final  results  of 
electrical  treatment  in  101  wises  of  fibroid  tumor,  so  far  as  they  could  be 
ascertained  by  personal  inquiries,  letters,  and  circulars.  In  some  of  the 
cases  tlie  treatment  had  stood  the  test  for  a  period  of  gtxteeu  years,  while 
in  none  had  less  than  three  years  elapsed.     The  tabulated  results  follow  : 

Cases  in  which  the  reealta  are  unknown 9 

Caaee  malting  in  aiiatotnii;  and  eyinptomatic  care 22 

(Includeil  in  the  list  Eire  18  tbat  disappeared  by  abeorption, 

while  3  were  extrudeil  througli  the  c-ervix  in  whole  or  in  part, 

one  waa  destroyeil  piecemeal  by  electrolysis.) 

Cases  resulting  in  syraptomatip  cure  only 53 

(These  include  12  with  great  reiluction  in  nize,  2<S   with   slight 

redaction  in  aiw,  and  15  permanently  relieved  of  symptoTua 

withniit  change  in  size.) 

Total  cases  resulting  in  practical  piiccess 75 

Cases  resulting  In  partial  or  complete  failure 26 

Total  casea  treatai 101 

Excluding  the  9  cases  in  which  the  results  are  unknown  it  will  l)e 
seen  that  the  figures  show  75  actual  or  practical  cui-es,  and  26  failures  in 
101  cases,  la  other  words,  75  per  cent,  of  the  cases  were  successful  and 
25  per  cent,  were  failures. 

II,  The  Hydro-electric  Bath. 

The  hydro-electric  bath  is  useful  iu  many  diseases  for  its  stimulating 
and  tonic  effects  as  well  as  for  its  trophic  induence.  It  is  applicable  iu 
auffimia,  chlorosis,  rickets,  rheumatism,  gout,  sciatica,  etc. 

The  bath  itself  should  be  made  of  porcelain  or  glazed  ware.  The 
water  should  have  a  temperature  of  iW-SS"  F.  (32"  to  37°  C.  ].  Two 
metal  electrodes,  that  must  always  be  kept  clean  and  briglit,  are  placed  at 
the  head  and  foot  of  the  bath.  These  plates  are  attached  to  the  battery 
by  binding  screws.     The  larger  electrode  is  placed  at  the  liead  of  the 
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bath,  aud  is  nsiiaJly  lSxl2  iucht^  (4ox3U  tni, );  the  siu idler  electrode" 
11x9  (28  X  23  cm, ).     lu  oi-der  to  localize  tlie  current  a  movable  paddle 
eouuecteil  to  Uie  foot-piece  is  ollen  employed.     A  woodeu  rest  prevents 
the  ba«k  aud  shoulders  of  the  patieut  touching  the  head-jilute.     Itq 
iminateria]  if  the  feet,  with  their  thickeue<l  epidermis,  touch  the  foot-li 


or  not.  A  part  of  the  current  traverse's  Iln'  Ixxly,  and  the  remainiler 
XHissos  through  the  water.  The  resistance  in  the  bath  depends  upon  its 
length,  the  depth  to  which  it  is  filled,  ami  the  tenipemture  of  tiie  water. 
As  tlie  current  which  traverses  tlie  water  does  not  affect  the  i>atient.  it 
follows  that  only  so  much  water  should  lie  used  as  is  re<iuired  to  cover  the 
patient  comfortably.  Xo  sjilt  elionld  be  added  to  the  water,  as  the  latt«f 
thereby  liecomes  a  better  conductor. 
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The  duration  of  the  bath  should  lie  ten  miuuteti  daily  for  the  first 
week,  but  after  that  it  should  be  given  on  alternate  days.  The  choice  of 
current  will  depend  upon  the  condition  preseut.  Thus,  in  the  early  stages 
of  general  neuritis,  iu  at-ute  neuralgia,  and  iu  acute  sciatica,  the  direct 
current  is  indicated.  In  gout,  rheum  at  isni,  and  arthritic  conditions,  the 
galvanic  current  ia  preferable.  The  induction-coil  bath  and  the  sinu.soidal 
currents  are  useful  wlii-re  general  nutritive  effects  are  sought. 

Among  local  baths  may  be  mentioned  : 
The  Arm  Hath. 

TUE   MONOPOLAH    AND    I>IPOLAK    BaTHS. 

The  Electric  Dox'che  IIath. 
The  arm  bath  is  useful  in  par.ilysis  of  the  muscles  of  the  foresirnis 
and  bauds,  iu  rhenmalism  and  gouty  affections,  in  chilblains,  Raynaud's 
disease,  etc.     The  cuustaut  current,  the  current  from  the  coil,  or  the 


Binosoida]  current  may  also  be  employed.  Tlie  bath  can  be  arranged  in 
auy  non-conducting  vessel ;  stone-ware  troughs,  easily  procurable  and 
Inexpensive,  are  valuable  for  the  purpose. 

In  the  monopolar  bath  only  one  electrode  is  immersed,  the  whole  cur- 
rent x>a^i»g  from  it  to  Ihe  patient.  In  the  full-length  bath,  the  patient 
grasps  a  metal  conductor,  nsnally  a  Ikif  or  haudle  which  is  covered  with 
a  piece  of  flannel,  and  secureii  above  the  water  level.  The  current 
passes  from  the  conductor  to  the  hands,  thence  to  the  l>ody,  and  finally  to 
the  water  of  Ihe  bath  to  reach  the  other  conductor. 
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The  electric  douche  bath  originated  with  Trantwein  in  1884.*  Dr. 
Ouy^not,'  of  Aix  les  Bains,  has  described  a  method  of  electrical  ap- 
plication by  the  means  of  douches.  The  current  is  led  to  and  from  the 
patient  by  two  streams  of  water,  the  conductors  being  connected  to 
the  nozzles  through  which  the  water  flows,  the  jets  of  water  carrying 
the  current  to  the  whole  surface  of  the  body  or  to  the  special  part 
desired.  Those  interested  in  this  method  will  find  a  detailed  account  in 
the  original  paper. 

Dr.  Schn^'s  four-celled  battery  is  convenient  and  practicable  for 
hydro-electrotherapy  (Figs.  34  and  35),  in  that  the  patient's  extremities 
are  alone  exposed  without  additional  disrobing.  It  is  comfortable  to  the 
patient,  the  current  is  regulated  by  a  switch-board,  and  the  parts  im- 
mersed allow  of  a  large  area  for  cataphoresis.  Duration  of  the  bath 
10  to  15  minutes.  Current  5  to  30  ma.  By  means  of  this  bath  elimina- 
tion of  metallic  poisons  from  the  body  has  often  been  accomplished. 

^Zeitschrift  f.  klin.  Med.,  viii.,  p.  279.  1884. 

'Revue  Internationale  d'Electrothorapie,  June,  1894. 


CHAPTER   VI 

ELECTRO-DIAGXOSI9. 

TsE  examination  of  the  motor  nerves  and  luiisclea  is  of  paramoimt 
importauce  in  electro- diagnosis,  consisting  in  loiwilizing  the  current  with 
the  requisite  intensity  upon  these  parts. 

The  following  rules  should  be  followed :  Apply  one  and  only  one 
pole  for  each  irritation  ;  the  effect  of  the  other  pole  should  be  repi-essed 
as  much  as  possible. 

For  tlie  local  irritant  effect  use  the  active  or  irritant  electrode  ;  the 
other  is  termed  the  indifferent  electnxle. 

Have  the  active  electrode  as  small  as  possible  so  as  to  secure  the 
greatest  density  of  current. 

Have  tlie  indifferent  electrode  as  large  as  possible,  so  that  the  density 
may  be  slight  and  ineffective.  Place  the  indifferent  electrode  upon  the 
sternum,  the  hack  of  the  neck,  or  the  small  of  the  back. 

The  changes  liable  to  occur  in  testing  nerves  and  niu.scle8  are  changes 
in  the  visible  muscular  resiwuses.  As  there  may  be  changes  in  tlie 
beharior  of  the  muscles  both  to  the  coil  and  the  mUs,  both  forms  of  exci- 
tation are  used  in  examining  a  muscle.  The  active  electrode  should  be 
applied  either  to  the  muscle  or  near  its  motor  point.  In  testing  a  muscle, 
the  indifferent  electrode  should  be  applied  to  the  skin  with  an  even  and 
firm  pressure.  The  electrodes  and  the  surface  of  the  body  should  lie  well 
moistened.  Water  containing  a  saline  diminishes  the  resistance  of  the  skin, 
but  offers  the  disadvantage  of  acting  upon  the  electrode.  With  some 
of  the  small  muscles  of  the  hands  and  feet,  it  is  convenient  to  apply  both 
electrodes  over  the  part,  so  that  the  current  may  pass  dii'ectly  thiough. 

The  Motor  Points. 

These  are  the  points  to  which  the  testing  electrode  should  lie  appUi^d, 
in  order  to  effect  coiitriiction  in  the  adjacent  muscle,  or  they  are  the 
points  at  which  the  motor  nerve  trunks  cau  readily  be  reached.  The 
positions  of  the  motor  points  vary  somewhat  in  different  individuals. 

The  motor  fwint  can  be  absolutely  located  only  by  experiment.  Sub- 
cutjiueoos  fat  acts  as  a  barrier,  and  tljc  examination  of  the  deeper  muscles 
is  more  trying  than  the  superficial  ones.  The  limb  should  be  supported 
by  the  operator  and  the  muscles  relaxed  as  much  as  possible.  Begin  with 
a  current  capable  of  producing  a  small  muscular  contraction,  applying 
the  current  for  a  brief  ])eriod  only. 

Points  favorable  for  the  stimulation  of  nerve  tiuuk.s.' 


'  The  sobjoinert  series  »!  lubles  ui 
I  on  "Medical  Electridty." 


taken  from  the  wirk  of  M.  LeiviH -lones,  M.D., 
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In  the  TJppbh  Limb.     (Figs.  36,  37,  38.  aad  39.) 

1.   Tke  median,  along  the  inner  bonier  of  the  biceps,  and  at  the  bend 
of  the  elbow. 


OBpnt  eiterniu  H.  trtcipitU 


Fio.  aT— Mntor  jioiiils  of  Uit  fora 

2.   The  nliiar,   in  tlie  firoove  l)etweeu  the  internal  condyle  an<i  the 
olecrauou. 
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3.  The  musculo-^rai,  at  tbe  poiut  where  it  emerges  from  the  triceps, 
namely,  on  the  outer  side  of  the  upper  arm  about  the  junction  of  the 
middle  aud  lower  thirds. 

U.tetuorTaKl&cfbmarl*.  (Rami 

»,™mi. ;^  ■  '>ii""-.i.n=B..) 

N.  obturkuiriui  JHv«  i  ^ 

^^  r  S  M  temoT  »«gliae  lemofB.  iBaai 

fl  ^  cranlli.) 

"•".'  N.  cnit^l,  pro  M  qurtrici     "^,   \  \  ^       M  re««,  feo„.ri.. 

s  pro  M  THto  Id 

U  Tutua  eitenitu. 


Lteiuindlgltorum  longot. 


diglloTum  brcTt*. 


4.   Tlic  mttsciihi-ciitanfotifi.  iK-tweon  the  biceps  and  coraco-bnu-hialis 
muscles. 
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5.  The  long  thoracic  (serratus  magnus),  on  the  inner  wall  of  the 
axilla. 

6.  The  supra-clavicular  point  of  Erb.  "At  a  spot  one  inch  above 
the  clavicle,  and  a  little  externally  to  the  posterior  border  of  the  sterno- 
mastoid,  immediately  in  front  of  the  transverse  process  of  the  sixth  cer- 
vical vertebra,  a  simultaneous  contraction  can  be  produced  in  the  deltoid, 
biceps,  coraco-brachialis,  brachialis  anticus,  and  supinator  longus." 
This  is  a  motor  point  for  the  fifth  and  sixth  cervical  roots  before  they 
reach  the  brachial  plexus. 

Ix  THE  Lower  Limb.     (Figs.  40,  41,  42,  and  43.) 

7.  The  anterior  cruralj  in  the  fold  of  the  groin  just  outside  the 
femoral  artery. 

8.  The  sciatic^  just  below  the  gluteal  fold  at  the  back  of  the  thigh. 

9.  The  internal  popliteal  nerve,  in  the  popliteal  space,  and  to  the 
inner  side  of  the  tendo  Achillis. 

10.  The  peroneal  nerve,  just  above  the  head  of  the  fibula,  beside 
the  biceps  tendon. 

In  the  Face.     (Fig.  44.) 

11.  The  facial,  through  the  cartilage  of  the  lower  surface  of  the 
meatus  auditorius.  Its  chief  ramifications  can  be  reached  where  they 
emerge  from  the  parotid  gland.  Erb  chooses  for  stimulation  three  main 
branches  of  the  facial :  (a)  for  muscles  above  palpebral  aperture;  (b) 
for  muscles  in  front  of  upper  jaw,  between  the  orbit  and  the  mouth ; 
(c)  for  muscles  of  the  lower  jaw.  He  tests  each  of  these  in  two  places, 
first  at  points  just  in  front  of  the  ear,  and  secondly  for  (a)  at  the  temple, 
for  (b)  at  anterior  extremity  of  zygomatic  bone  near  its  lower  border, 
for  (c)  at  the  middle  of  the  inferior  border  of  the  horizontal  ramus  of 
the  lower  jaw. 

12.  The  fifth,  at  the  supra-orbital  foramen,  at  the  infra-orbital 
foramen,  at  the  foramen  mentale,  on  the  side  of  the  tongue. 

In  the  Neck.     (Fig.  44.) 

13.  The  spinal  accessory,  at  the  top  of  the  supra-clavicular  triangle, 
where  the  nerve  pierces  the  sterno-mastoid. 

14.  The  phrenic,  on  the  outer  edge  of  the  lower  part  of  the  sterno- 
mastoid. 

15.  The  hypoglmsal,  along  the  upper  border  of  the  great  cornu  of 
the  hyoid  bone. 

16.  The  recurrent  laryngeal,  along  the  outer  border  of  the  trachea. 

17.  The  pneumogastric  and  glosso-pharyngeal,  along  the  track  of  the 
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II.  gutrocDemliUi 


Fio.  4.1,— Motor  polnu  ol  Ih. 
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carotid  artory  just  below  the  augie  of  the  jaw.     Fig.  io  illustralt-s  the 
motor  poiuts  of  the  chest  aud  alxiumeu. 

Wheu  pai'iilysis  affects  certaiu  groups  of  muscles,  and  diSii^ullj'  is 


'  U  cornig«tor>upercll  2.M  torn 
pnuor  DBsI  cl  pTranildal  nail  3,  M 
orbicular  pBlpvbr  4  U  letal  [  lah 
mpijMueiuil  ^  U  leralorlab  inn 
prcipr     B  U  irgomailc  miuur    ~  H 

dJIiUit-iiBrlainiLiiE  eepnit    H  M  lygo-    i_ 

iDkUc  nujur    9,  H    orbicularis  irU 
10  Ram.  «(nnm    pro  Uni  trianeula-     •- 
el  levator  menu  11  X  luTaturinenl: 
t^  U  qnadnlUB  mentl    13  U  inanpi 
laili  m«DU    14,  Ram    lubcutan  — ' 

-, .hyolfli 

omo-h*oldi —     ■"    ■'    ^-- 

deus    IB  L    

rrualalli    il  Km   . 

tcni  auricula  2%  ttm  retmhtiis  i 
alioll  aariculn  IS,  H  occltiitatl. 
21.  Kerr  tlulali*  ai  Ram  auriculu 
pMt.pn>rN  llulaUs  3«  M  i      '    ' 

OCDB  IT  K  diniiricui  J8 

cal«*  K  Itdalb  29  U  ■plenliu  cap! 
lU  30  Ram  aubcutan  maxlll  Infer 
31  Bam  exl  H  apceuurll  WIlllDl  SI. 
IL  ■temo.clelda-maalotdeiui  33,  M 
Gucullarii  31,  it  itemo-clcl do-mas 
loldeui  15  U  levator  anaul[  icap- 
Dla  30,  N  thoracic  p^  (Urn  rhjiii 
boideli  m  N  pbrenicus  38  M  umo 
hjold      3B    N    Ibjraclc    lateml      ■■ 


pan  V 


Flo.  «,— Motoi 


Biperienced,  as  it  frequeutly  is,  in  tracing  the  nerve  snpply  of  the  mus- 
cles involved  back  to  their  spinal  roots,  advantage  may  be  gained  by 
unployiog  the  table  by  Dr.  Allen  Starr.' 
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Segmektb. 

4th  cervical. — Diaphragm^  levator  augoli  scapulse,  deltoid,  rhom- 
boids, spinati,  biceps,  supinator  lougus. 

oth  certdcal. — Rhomboids,  spinati,  teres  minor,  deltoid,  pectoralis 
major  (clavicular  portion),  biceps,  serratus  magnns,  supinator  longus 
and  brevis. 

6th  cervical. — Latissimus  dorsi,  pectomlis  major,  serratus  magnus, 
pronators,  biceps,  triceps,  brachialis  anticus,  extensors  of  the  wrist  and 
fingers. 

7th  cervical. — Teres  major,  latissimus  dorsi,  subscapularis,  pectoralis 
major  and  minor,  triceps,  flexors  of  the  wrist  and  fingers. 

8th  cervical. — Flexors  of  the  wrist  and  fingers,  extensors  of  the 
thumb,  intrinsic  muscles  of  hand. 

1st  dorsal. — Extensors  of  the  thumb,  intrinsic  muscles  of  the  hand 
(thenar,  hypothenar,  interossei). 

For  the  lumbar  enlargement  Dr.  de  Watteville'  gives  the  following 
distribution : — 

3d  lumbar. — Iliopsoas,  sartorius,  adductors,  extensor  cruris. 

4th  lumbar. — Extensor  femoris  et  cruris  ;  i)eroneus  longus ;  adductors. 

5th  lumbar. — Flexors  and  extensors  of  toes,  tibial,  sural,  and  peroneal 
muscles,  extensors  and  rotators  of  thigh,  hamstrings. 

1st  sacral. — Calf,  hamstrings,  long  flexor  of  great  toe,  intrinsic 
muscles  of  foot. 

2d  sacral, — Intrinsic  muscles  of  the  foot. 

Dr.  Herriugham^  has  also  tabulated  the  results  of  numerous  dissec- 
tions of  the  brachial  plexus  in  new-born  infants  as  follows  : 

UsuAT.  Xerve  Supply. 

Sd,  4th,  and  5th  cervical, — Levator  angnli  scapuliE. 

5th.  — Rhomboids. 

5th J  or  oth  and  6th  cervical, — Supnispinatus,  infraspinatus,  teres 
minor. 

5th  and  Oth  cervical. — Subscapularis,  deltoid,  biceps,  brachialis 
anticus. 

6th  cervical, — Teres  major,  pronator  radii  teres,  flexor  carpi  radiales. 
Supinator  lonji:us  and  brevis.     Superficial  thenar  muscles. 

5th,  6th,  and  7th  cervical, — Serratus  magnus. 

6th  or  7th  cervical. — Extensores  carpi  radiales. 

7th  cervical, — Coraeo- brachial  is,  latissimus  dorsi,  extensors  at  the 
back  of  the  forearm,  outer  head  of  triceps. 

7th  and  8th  cervical. — Inner  head  of  triceps. 

^  I^ncrt,  July  14,  1883. 

'  Proc.  Roy.  Poc,  March,  1866. 
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7th,  SUi,  and  Id  dorsal. — Flexor  sublimit)  and  profiiudiis,  Huxor  cjirjji 
aluaris,  flexor  luitgus  pollicis,  aud  prouatur  quadnitus. 

Sth  cervical. — Long  lieud  of  triceps,  Lypothensii'  miuwlca,  iiiteroasei, 
deep  thenar  muscles. 

The pedoialis  nuijor  from  6th,  7th,  8th,  aud  lat  dorsal. 

The pectoratis  mittor  from  7th,  Sth,  and  Ist  dorsal. 

Hints  for  Practical  Testing. 

Always  begiu  testing  with  the  induction  coil  and  finish  with  the 
cells.  Do  not  iise  very  strong  carrenta  from  tlie  coil.  If  the  miiacles  do 
not  respond  to  these  currents,  increase  the  strength  of  the  latter.  The 
«perat*}r  should  first  apply  the  current  to  his  own  persou,  so  a;i  to  reas- 
sure the  patient.  With  battery  currents  start,  with  aliont  16  cells  for 
the  liml>s  and  8  cells  for  the  face.  The  testing  electrode  should  be  the 
cathode.  If  upon  passing  no  noticeable  contniction  is  discerned  in  the 
muscles,  increase  the  number  of  cells,  upon  the  first  closure  contraction, 
look  for  the  most  effective  spot  for  stimulating  the  muscle,  and  compare 
the  ACIC  with  the  CCIC.  Observe  the  character  of  the  contraction, 
whether  qnick  or  sluggish.  Compare  the  direct  with  the  indirect  stimu- 
lation through  the  ucrve  ti'unk ;  compare  tlie  reactions  obtained  with 
those  of  the  unaffected  aide. 

Disease  or  injury  may  cause  quantitative  clianges  or  changes  in  the 
amount  of  reaction  to  a  stimulus,  the  quality  of  the  reaction  remaining 
analtered,  as  is  exemplified  in  simple  increase  of  excitability  aud  simple 
dei'rease  of  excitability  to  coils  and  cells. 

In  unilateral  disease,  the  recognition  of  increased  or  decreased  ex- 
citability is  easy  when  this  increase  or  decrease  is  marked ;  but  when 
Blight,  there  are  many  di-stuibiug  factors  that  may  lead  to  an  error  of 
jutlgment. 

With  the  battery  current,  the  galvanometer  is  a  reliable  guide. 
Unequal  pressure  of  the  electrode,  when  comparing  two  points,  may 
cause  an  apparent  difference  in  irritability.  The  resistance  of  the  skin 
is  likewise  inconstant  during  a  test. 

Increased  irritability  usually  occurs  in  those  conditions  presenting 
increased  reflexes,  as  in  chronic  myelitis,  in  degeneration  of  the  lateral 
colnmns,  in  hemiplegia,  ^nd  in  tetany. 

Decreaseil  irritability  is  evidenced  in  many  diseases,  offering  quali- 
tative changes  also  when  the  condition  is  more  severe.  Thus  in  neuritis 
we  may  observe  either  qualitative  or  quantitative  changes,  according  as 
the  attack  ia  mild  or  severe. 

Qualitative  changes  are  changes  affecting  theqnalitj'  of  the  reliction. 
This  includes  the  reaction  of  degeneration,  both  complete  and  partial, 
also  the  myotonic  reaction,  etc. 
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Reaction  of  Degeneration.  (De.  R.)  or  (R.  D.) 

This  term  was  proposed  by  Erb,  to  signify  the  series  of  changes 
occurring  in  electrical  irritability,  both  qualitative  and  quantitative, 
owing  to  a  certain  definite  morbid  condition  of  nerves  and  muscles. 
The  effect  of  the  faradic  current  diminishes  and  disappears,  but  with  the 
galvanic  current,  decided  changes  are  manifested.  Lesions  of  motor 
nerves,  either  at  the  spinal  centre  or  in  the  course  of  peripheral  dis- 
tribution, of  sufficient  importance  to  produce  paralysis,  will  rapidly 
show  pronounced  galvanic  and  fanvdic  changes.  The  nerve  will  exhibit 
a  progressive  diminution  of  electrical  excitability,  and  a  few  days  sub- 
sequently it  will  have  ceased  entirely.  Rarely  a  fortnight  elapses  before 
complete  cessation  of  excitability  is  noted.  The  poiut  of  departure  is 
always  at  the  extremity,  nearest  the  injury  or  lesion,  degeneration  pro- 
ceeding thence  toward  the  periphery.  When  reparative  action  has 
begun,  excitability  returns,  recovery  showing  itself  at  the  point  of  b^in- 
ning  degeneration.  Frequently  muscles  may  respond  to  the  patient's 
will,  but  they  do  not  respond  to  electrical  currents ;  showing  that  while 
the  nerve  will  transmit  the  voluntary  impression,  it  will  not  necessarily 
transmit  other  impressions. 

Degenebatiox  of  Muscles. 

In  degeneration,  muscles  differ  from  nerves  in  their  electrical  reac- 
tions. With  the  faradic  current,  however,  the  reactions  are  identical  both 
in  quality  and  quantity.  The  faradic  current  luis  no  efiect  on  muscle 
tissue,  save  for  the  nerve  supplying  it.  With  the  galvanic  current,  mus- 
cular tissue  for  the  first  few  days  contracts,  with  a  somewhat  lesseneii  ac- 
tivity ;  its  response  to  a  certain  strength  of  current  is  not  so  marked  as  in 
the  normal  condition.  For  several  succeeding  days,  the  irritability  of 
the  muscle  is  increased.  This  may  last  for  weeks,  and  sometimes  during 
this  condition  a  change  in  tlie  normal  sequence  of  contraction  occurs, 
the  contractions  changing  in  character  as  well  as  in  quality.  They  assume 
a  slow  tetanoid  form,  which  continues  during  the  flow  of  the  current, 
the  strength  of  the  current  required  being  notably  small.  Soon  in  the 
stage  of  degeneration  the  AnClC  —  CaClC,  and  a  little  later  exceeds  it ; 
this  is  accompanied  by  the  CaOC  gaining  upon  the  AnOC,  but  never 
being  equal  to  it.  Thus  we  obtain  the  following  formula  for  the  normal 
muscular  reaction  to  galvanism  : 

CaClC  >  AnClC  >  AnOC        CaOC. 

For  the  reaction  of  degeneration,  the  formula  : 

AnClC  -'-■-  CaClC  or  AnClC        CaClC  >  AnOC  diminished,  but  always  >  CaOC. 
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Partial  Reaction  of  Degeneration. 

This  term  is  applied  to  eases  iu  wliich  coutraction  is  evidenced  to 
some  degree  by  the  coil,  but  to  the  battery  current  the  response  is 
sluggish. 

The  existence  of  partial  reaction  of  degeneration  makes  it  necessary, 
when  testing,  always  to  corroborate  the  results  obtained  from  the  coil  by 
employing  the  battery  current.  In  partial  reaction  of  degeneration  there 
is  found  an  alteration  in  the  coil  reactions,  but  this  may  be  overlooked, 
and  thus,  conclusions  arrived  at  from  the  presence  of  coil  reactions 
would  be  wrongly  interpreted.  The  degree  of  sluggishness  of  ex>ntrac- 
tions  may  vary  within  wide  limits,  the  reaction  to  the  coil  may  be  faint 
or  very  strong.  By  some  it  is  held  that  partial  reaction  of  degeneration 
represents  a  changing  state  of  the  nerve  or  muscle,  and  that  a  change  to 
complete  reaction  of  degeneration  on  the  one  hand,  or  to  a  normal  re- 
action on  the  other,  may  be  looked  for  in  cases  showing  partial  reaction 
of  degeneration. 

The  Sensory  System. 

Little  can  be  said  on  the  subject  of  alterations  in  the  electrical 
reactions  of  the  sensory  nerves,  and  but  faint  light  can  be  thrown  on  the 
irritability,  conductivity,  location,  etc.,  of  the  sensory  nervous  system. 
An  increase  in  the  impressions  conveyed  by  the  cutaneous  filaments  of 
the  sensory  nerve-fibres  indicates  electrical  cutaneous  hyperaesthesia^ 
while  impairment  of  this  function,  corresponding  largely  with  the  definite 
reactions  of  the  motor  system,  constitutes  electrical  cutaneous  anaesthesia. 
In  diseases  involving  the  sensory  tracts  of  the  cx)rd,  the  diagnosis  is 
materially  aided  by  finding  this  antesthesia  and  hypersesthesia. 

Nerves  of  Special  Sense. 

Under  this  heading  we  shall  only  notice  the  auditory  nerve,  which 
allows  of  material  aids  in  diagnosis,  through  its  irritablity  in  tinnitus 
aurium.  Like  motor  nerves,  the  auditory  responds  more  readily  to 
cathodal  than  to  anodal  stimulation,  the  response  being  the  production 
of  a  subjective  sensation  of  sound ;  in  certain  abnormal  conditions  the 
auditory  nerve  answers  to  electrical  currents  more  readily  than  it  does 
in  health.  In  these  cases  it  is  contended  that  a  state  of  hypera^sthesia 
exists  in  the  nerve,  and  that  tinnitus  is  an  expression  of  that  state.  To 
test  the  auditory  nerve,  use  a  bifurcated  electrode  applied  to  both  ears  at 
once.  By  this  method  there  is  less  likelihood  of  provoking  giddiness. 
If  a  binaural  stethoscope  is  used  as  a  temporarj^  expedient,  the  lower 
portion  should  be  removed,  and  the  tubes  closed  up  with  small  corks ; 
the  battery  wire  is  attached  to  the  metal  and  the  other  electrode  is 
placed  indifferently. 


CHAPTER  VII 

ELECTRO-PHYSIOLOGY. 

The  diagnosis  of  pathological  conditions  can  in  many  instances  be 
more  accurately  investigated  by  a  thorough  preliminary  understanding  of 
a  study  of  the  electrical  current  influences  upon  the  normal  physiological 
functions. 

Influence  of  Electricity  upon  Motor  Nerves  and  Muscles. 

The  motor  nerves,  when  irritated  by  the  galvanic  or  faradic  current, 
give  rise  to  a  muscle  contraction.    According  to  Du  Bois-Bejnuond  : 

''The  absolute  amount  of  the  density  of  the  current  at  any  certain 
moment  does  not  act  as  a  stimulant  to  the  motor  nerves,  but  merely  the 
change  in  its  amount  from  one  moment  to  another,  i.  c,  in  the  density; 
these  act  so  much  more  powerfully  the  greater  they  are  in  a  unit  of 
time,  or,  their  amount  being  equal,  the  more  rapidly  they  occur ;  most 
powerfully  therefore  upon  sudden  closure  and  opening  of  the  current. 

'*  Thus  the  reason  of  the  marked  irritative  effect  of  the  faradic  cur- 
rent on  motor  nerves  at  once  becomes  apparent ;  whilst,  on  the  contrary, 
a  constantly  flowing  galvanic  current,  or  a  very  gradual  increase  or 
decrease  in  the  current  strength,  produces  no  stimulation  whatsoever.  If 
induction  currents  are  applied  to  a  motor  nerve,  a  series  of  brief  muscular 
contnictions,  corresponding  to  the  strength  of  the  induced  current,  will  be 
produced  ;  these  contrjictions  necessiirily  being  greater  during  the  open- 
ing than  during  the  closing  current  of  the  secondary  coil.  A  long  series 
of  these  irritations  results  in  a  tetanic  contraction." 

Pfli'ger's  Laws  of  Contraction. 

^*  With  weak  currents  in  both  directions,  contraction  occurs  on  closure 
alone,  but  none  is  produced  on  opening  ;  the  contraction  on  closure  of 
the  luscenc ling  current  is  somewhat  stronger  than  that  of  the  descending. 

**  With  moderate  currents  contraction  o(*curs  on  opening  and  closing 
in  ]x>th  directions  ;  but  the  former  are  alwavs  weaker  than  the  latter. 

**  With  very  strong  currents  (never  employed  upon  human  beings) 
contraction  occurs  on  opening,  but  none  on  closure  of  the  ascending  cur- 
rent ;  and  it  also  occurs  on  closure,  but  not  on  opening  of  the  descending 
current.'' 

These  laws  only  hold  good  when  the  nerve  is  laid  bare  and  well 
isolateil. 
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III  illiLstr-Ation  nf  tlit'  aliove  laws  we  net'd  only  ri-fiT  to  Hip  irritative 
effect  produced  by  the  galvanic  curi-eiit,  wliicli  occura  only  at  the  poles, 
and  starts  trom  tliem,  and  uot«  that  the  irritation  npon  eloHinf;  the  circuit 
occurs  only  at  the  cathode,  and  upon  opening,  only  at  the  anode.  Long 
ago  it  was  proved  that  the  irritant  action  of  the  cathode  was  greater  than 
tliat  of  the  anode ;  thus  the  irritatiou  on  closnre  is  greater  than  at  the 
opening,  with  the  same  intensity  of  current.  Likewise  tlie  ccntnil  part 
of  a  nerve  is  more  irritable  than  the  peripheral  portion,  and  with  very 
strung  currents  considerable  resistance  occ-ui's  at  b<^th  }>oles  and  incfeiu^es 
with  the  strength  and  period  of  closure  of  the  current.  Furthermore 
motor  nerves  are  uou-irritable  to  the  transverse  passage  of  the  faradio 
or  galvanic  current,  and  a  motor  nerve  which  is  still  connected  to  a 
central  organ  has  its  opening  contraction  of  the  ascending  current  cou- 
fiiderably  later  than  when  the  (motor)  nerve  is  isolated. 

Thus  far  we  have  l>een  dealing  wilh  electrical  currents  on  motor 
nerves  studied  physiologically,  but  the  results  obtained  are  not  analogous 
with  the  practical  results  obtained  by  the  physician.  The  latter  deal»  with 
nerves,  surrounded  by  tissues  of  good  conduction  and  which  are  followed 
by  large  iiumliers  of  threads  of  currents ;  illustrating  the  absolute  futility 
of  maintaining  a  uniform  density  of  current  in  a  nerve.  The  greatest 
den.sity  of  current  must  occur  directly  at  the  electrodes.  Because  of  the 
Tarlous  threads  of  current,  the  direction  of  the  latter  must  \}e  omittM 
from  consideration  in  applying  electricity  to  the  healthy  human  Ijody. 

In  the  polar  method  of  examination,  gne  electrode,  called  the 
"active."  is  applied  closely  to  the  nerve  and  then  connected  with  either 
the  anode  (An)  or  cathode  (Ca)  of  the  Ixittery.  The  other  electrode, 
termed  the  "indifferent,"  is  place*!  upon  some  distant  part  of  the  txMly, 
as  the  Hternum,  spine,  epigastrium,  etc.  If  the  cathode  is  upon  the 
nerve  and  the  circuit  is  closed,  the  term  "making  a  cathode  closure" 
is  employed,  and  is  written  CaCl ;  if  the  circuit  is  open  it  is  desig- 
nated "cathode  opening,"  and  is  written  CaO,  and  similarly  with  the 
anode. 

Be^n  with  a  definite  strength  of  current  by  examiniug  C'aCI  in 
almut  three  closures,  at  the  same  time  studying  the  CaO,  and  thus  also 
with  the  anodal  contractions. 

For  the  opening  wtntraction,  keep  the  current  closed  for  a  brief 
period,  as  the  irritability  on  opening  the  circuit  is  thus  augmenteci.  By 
an  increase  of  ouirent,  we  gauge  the  degree  of  intensity  of  current  for 
the  various  forms  of  coutraction. 

By  this  method  it  is  readily  demonstrated  that  with  most  of  the 
motor  uerves  the  cathode  chiefly  produces  stimulation  on  closure,  the 
anode  principally  on  opening,  and  that  the  stimulant  action  of  the  cath- 
ode is  much  greater  than  that  of  the  anode. 
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In  luediciue  three  stages  of  coDtraction  are  distinguished  : 

First,  stage  (feeble  curi-ent;  CaClC. 

Second  stage  (moderate  current)  CaClC  is  stronger.  AnClC  and 
AnOC  also  occur  and  are  for  all  practical  purposes  of  about  equal 
strength. 

Third  stage  (strong  current)  CaClC"  becomes  tonic  and  equals 
CaClTe  ;  AnClC  (and  especially  AuOC)  becomes  more  powerful  and  at 
the  same  time  wejik  CaOC  occui-s. 

Upon  Voluntary  Musc^les. 

Du  Bois-Reymond's  law  of  motor  nerve  stimulation  holds  equally 
good  for  muscle  stimulation. 

**  Currents  of  very  high  duration  occasion  less  reaction  upon  muscu- 
lar tissue  than  upon  nerves ;  but  the  summation  of  the  individual  con- 
tractions produced  by  each  single  induction  stroke  results  in  tetanus,  as 
was  observed  in  the  excitation  of  nerves.  The  laws  of  muscular  contrac- 
tion produced  by  galvanism  are  analogous  to  those  already  formulated. 

'^  Depending  upon  the  strength  of  the  current,  living  muscles  react 
with  more  or  less  tetanic  contnu5tion  to  faradism,  and  with  single  con- 
tractions to  individual  contrac*tion  currents.  This  occurs  so  much  more 
readily  the  neiirer  the  electrodes  are  approximated  to  the  points  of 
entrance  of  the  motor  nerve- branches  into  the  muscle,  or  touch  these 
points  (motor  points)  directly. 

''  The  gidvanic  reaction  of  the  muscles  occurs  in  such  a  manner  that 
they  respond  to  stimulation  with  both  poles,  by  a  closure  contraction 
alone,  the  opening  contraction  being  absent,  or  obtained  very  excep- 
tionally. To  some  extent,  an  isolated  irritation  of  the  muscles  of  the 
lK)dy  by  the  galvanic  current  may  effect  a  local  giUvanization,  founded 
upon  the  same  principles  and  methods  as  local  faradization.  Another 
very  important  group  of  (^fleets  are  the  modifying,  irritability  changing, 
elect  rot  onic  action,  which  are  manifest  in  the  electricjil,  thermal,  or  me- 
chanical irritability  of  motor  nerves  (and  muscles)  during  the  passage 
and  after  the  cessation  of  the  current.'' 

Electkotonus. 

When  a  galvanic  current  is  passed  longitudinally  along  the  course 
of  a  motor  nerv<»,  the  nerve  changes  its  irritability  along  its  entire 
length,  which  is  especially  pronounced  in  the  vicinity  of  both  poles.  At 
the  cathode  and  its  vicinitv  there  is  an  incrciust*  in  the  electrical,  me- 
clianical,  and  thermal  irritability,  and  that  portion  of  the  nerve  is  Siiid 
to  be  in  a  state  of  *' catelectrotonus  ;"  at  the  anode  and  its  vicinity  it  is 
decreiused,  whence  the  term  *' anelectrotonus."  Both  increjise  with  the 
duration  and  intensity  of  the  polarizing  current,  and  touch  one  another 
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in  an  indifferent  point  of  the  iutrapolar  region.  Upon  breaking  the 
carrent,  the  negative  modification  of  the  irritability  of  the  anode 
lanelectrotonus)  ia  immediately  changetl  to  a  marked  positive,  ret|niriug 
some  time  for  its  disappearance ;  at  the  cathode,  a  brief  negative  irri- 
tability rapidly  followed  by  a  vigorous  positive  modification,  with  an 
increase  of  irritability  which  gradnally  returns  to  the  normal.  Thns 
after  breakiufT  the  current,  there  remains  a  normal  or  less  prolonged 
increase  of  irritability  at  both  poles. 

SEsaoEY  Cutaneous  Serves, 

The  application  of  the  galvanic  current  to  the  skin  produces  a 
pricking  followed  by  a  burning  sensation,  which  may  increase,  and  cause 
intense  pain.  Possibly  these  sensations  may  in  a  large  measure  be  due 
to  the  effects  produced  by  the  chemical  substances  liberated  at  the  surface 
of  the  body  by  electrolysis ;  many  asserting  that  the  reaction  of  the  sen- 
sory terminal  organs  is  not  identical  with  the  reaction  ot>served  in  the 
conducting  paths. 

The  sensory  irritations  appear  not  only  in  that  part  of  the  akin 
covered  by  the  active  electrode,  but  likewise  in  the  area  of  distribution 
of  that  nerve  or  nerves  lying  in  the  territory  of  the  electrode, 

Sesbory  Nerves  of  Muscles. 

These  can  only  be  studied  satisfactorily  when  muscles  have  been  ex- 
pc«ed  by  wounds,  or  in  complete  auipsthesia  of  the  skin.  Every  vigorous 
muscular  contraction  is  accompanied  by  a  distinct  sensation,  which  has 
nothing  in  common  with  cutaneous  sensibility,  and  which  may  increase 
to  actual  pain  during  tetanic  contraction  (electro- miiscular  sensibility). 
The  seusatiou  produced  is  in  direct  proportion  to  the  degree  of  muscular 
contntction,  and  is  usually  described  as  dull  and  tensile ;  it  is  likewise 
protiuced  with  strong  galvanic  currents  as  soon  as  they  produce  tetanic 
muscular  contractions. 

Upon  the  SPEnAi,  Senses. 

To  the  galvanic  current,  the  special  senses  respond  with  readiness  by 
means  of  their  speciiic  sensations,  the  latter  being  dependent  upon  the 
influence  of  lK»th  poles,  Tlie  optic  nerve  or  retina  reacts  quickly  to  the 
galvanic  cnrrcmt-  Pass  a  current  through  tht'  temples  or  cheeks  aud 
npou  making  or  breaking  the  current  a  fliish  of  light  will  appear.  Ap- 
ply a  stronger  current  some  distance  from  the  eye  (as  upon  the  neck  or 
ciiest  or  t>ack),  and  the  same  phenomenon  resulting  illustrates  the  great 
sensitiveness  of  Ihe  retina  to  galvanic  currents.  The  muscular  tissue  of 
the  iris  promptly  responds  to  the  faradic  current ;   even  the  pupillary 
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sphincter  can  be  made  to  contract  independently,  which  may  also  be 
accomplished  by  stimulation  of  the  motor  ocnli  and  the  cervical 
sympathetic  m-nres. 

The  auditory  ner\-e  being  very  deep  seated,  its  excitation  csin  only 
be  effected  by  a  current  that  must  lie  so  strong  as  to  produce  most 
unpleasant  ass^jciat^fd  phenomena.  6alv:iuization  of  this  ner\'e  is  accom- 
plished by  placing  a  large  moist  sponge  electrode  immediately  in  front 
of  the  auditory  canal,  pressing  slightly  upon«  but  not  occluding  the 
tragus.  The  indifferent  electrode  is  placed  upon  the  bock  of  the  neck. 
The  strength  of  the  current  buying  increiised.  repeated  cathodal  closures, 
at  times  AnCl,  are  made,  or  if  the  irritability  is  very  slight*  repeated 
changes  of  polarity  are  to  be  instituted.  The  normal  auditory  apparatus 
therefore,  only  gives  a  sensation  at  closure  upon  irritation  with  the  Ca, 
and  only  on  opening  upon  irritation  with  the  An.  Healthy  individuals 
usually  hear  sounds  described  as  whistling,  buzzing,  hissing,  or  roaring. 
The  AnO  reaction  is.  as  a  rule,  feeble  and  short.  By  an  increase  in 
the  strength  of  the  current,  the  auditory  sens;itions  increase  in  intensity, 
distinctness,  and  duration,  and  assume  a  more  musical  and  whistling 
character. 

By  the  galvanic  taste  is  meant  the  peculiar  acid,  salty  taste  which  is 
prrjrlurred  by  placing  the  simplest  galvanic  element  (a  piece  of  zinc  and 
^•^ipper;  on  the  tongue,  or  by  piissiug  stronger  currents  through  the 
cheeks  thrrjat.  temples,  etc. 

If  two  medium  electrodes  be  placed  upon  the  cheek,  gustatory  sen- 
tafU'io:*.^.  apfjear  at  lx>tb  f>oles.  The  seus;ition  is  more  marked  at  the  anode, 
irjj*^;*:  it  I-  metal  lie,  alkaline  or  perhaps  very  acid.  At  the  cathode  it 
i^  suil'l^T.  biting  and  salty.  The  sensation  is  present  at  making,  breaking, 
arj'J  0»jrJr>ir  the  fia.ssajre  of  the  current. 

0:i  i\t*:  Oifa/'tory  uerve,  galvanic  stimulation  is  little  understood. 
By  f^fUi^.  it  ]-,  --aid  to  pr^luce  a  phosphorus- like  odor. 

rVyV  7  Iff:  HrVfPATHKTIC  .SYSTEM. 

Tlje  Mu'iy  of  the  galvanic  current  upon  the  sympathetic 
HV'^Urtii  ij«^-<J>  to  U'  further  pnxsecuted.  Physiologists  are  too  problem- 
atir:  in  their  d<-<Jijr'tions  as  to  the  functions  of  the  sympathetic  nerves 
and  th<'ir  interj^/^-d  ;ranglia.  to  h*ad  to  other  than  hypothetical  con- 
i'lusion-i. 

Faradization  of  th<'  ciTvU-al  sympathetic  causes  contRiction  fol- 
\^^^^'^'.i\  hy  dihitatiofj  of  th«-  v«*ss«'ls  of  the  corresponding  side  of  the 
hi^id  and  fitct- :  hJi;rht  '-.YOffhthalmos.  dilatation  of  the  oppnisite  pupil, 
and  an  JU'/'^-h-nit^-rj  nHion  of  th«*  heart.  Galvanization  of  the  cer\"ical 
8ynjpath<'ti<'  i-  murU  hli;rht<'r  and  less  certain. 

In  the  human  huhje^t.  thi.-^  is  a  most  difficult  procedure.    The  oervic;d 
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sympathetic,  being  very  deeply  situated,  hjis  in  its  close  proximity 
the  vagus,  the  carotid  with  its  vaso-motor  fibres,  the  base  of  the  brain, 
the  cervical  region  of  the  cord,  etc. 

Upon  the  Skin. 

Galvanization  of  the  skin  will  first  produce  pricking  and  burning 
(as  detailed  under  its  action  on  the  sensory  cutaneous  nerves),  rapidly 
followed  by  an  intense  hypersemia  at  both  poles  ;  this  redness  may  remain 
for  hours,  and  be  marked  by  the  presence  of  papules  or  wheals,  and 
finally  succeeded  by  desquamation  of  the  epidermis. 

If  the  current  strength  be  augmented,  pallor  of  the  surface  is  noted 
at  the  cathode,  followed  by  a  rosy  redness  ;  the  skin  becomes  infiltrated 
and  surrounded  by  a  deep  border ;  upon  opening  the  circuit  the  redness 
persists.  At  the  anode  a  pronounced  scarlatinal  color  appears,  the 
skin  is  not  infiltrated  but  covered  with  small  elevations ;  upon  opening 
the  circuit,  the  redness  persists  for  a  long  time,  and  is  followed  by 
desquamation. 

Upon  the  Head. 

Vertigo  is  the  earliest  symptom  manifested  in  galvanization  of  the 
head,  when  a  strong  current  is  passed  transversely  or  in  the  antero- 
X>osterior  direction  (frontal  bone  to  the  back  of  the  neck).  The  giddiness 
is  most  pronounced  when  the  current  is  passed  transversely.  It  has  been 
maintained  by  some  observers  that  ocular  movements  play  a  dominant 
part  as  a  result  of  the  severe  vertigo,  and  that  there  is  a  disturbance  of 
the  muscular  sense.  With  a  strong  transverse  current  passed  through 
the  mastoid  processes,  oscillation  of  the  eyes  occurs,  the  direction  being 
that  of  the  positive  current.  If  the  anode  be  on  the  left  side,  both  eyes 
will  be  turned  to  the  right.  In  some  persons,  galvanization  of  the  head 
has  resulted  in  nausea,  vomiting,  syncope,  dulness  or  mental  confusion. 

Upon  the  Spinal  Cord. 

Large,  flat  electrodes  should  be  placed  upon  the  neck,  very  strong 
currents  should  be  employed,  and  closure  and  opening  should  be  resorted 
to.  If  the  negative  electrode  be  placed  on  the  upper  lumbar  vertebrse, 
CaCl  or  change  of  polarity  to  Ca  will  produce  vigorous  contractions  of 
the  muscles  supplied  by  the  sciatic  nerve,  proving  that  the  current  has 
invaded  the  cord. 

Upon  the  Abdominal  Organs. 

Vigorous  faradization  of  the  gall-bladder  in  cases  of  catarrhal  jaun- 
dice, has  caused  the  widely  contracted  gall-bladder  to  suffer  a  marked 
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contraction.  Likewise  in  enlargements  of  the  spleen,  by  direct  faradiza- 
tion with  large  moist  electrodes,  or  by  employing  two  faradic  brushes 
over  the  splenic  area. 

The  pharynx  and  the  velum  palati  may  be  faradized  and  galvanized 
by  applying  the  positive  eleclrode  on  the  upper  posterior  part  of  the 
neck,  and  by  rapidly  passing  the  cathode  over  the  lateral  surface  of  the 
laryngeal  area.  Contraction  of  the  muscular  wall  of  the  esophagus  can 
be  obtained  by  introducing  electrodes,  similar  in  shape  to  oesophageal 
bougies. 

The  stomach  and  intestines  react  to  currents  by  slow  contractions, 
which  gradually  sprejiding  induces  a  peristaltic  action.  Faradism  is 
more  effective  in  these  cases  than  is  galvanism. 

Vigorous  faradization  of  the  abdomen  is  often  associated  with  a 
gurgling  sound,  and  with  the  production  of  visible,  palpable  peristaltic 
movements  of  the  stomach  and  intestines.  The  digestive  tract  may  be 
reached  by  one  electrode  placed  on  the  back,  the  other  stabile  or  slowly 
moving  over  the  corresponding  portion  of  the  abdominal  wall ;  or  by 
the  introduction  of  an  electrode  into  the  stomach  or  into  the  rectum,  the 
other  being  applied  labile  or  stabile  upon  the  external  abdominal  wall. 
Faradization  of  the  bladder  may  be  accomplished  by  introducing  a 
urethral  electrode  as  far  as  the  vesical  neck.  Gulvanic  currents  may 
likewise  be  employed.  The  contraction  of  the  vesical  sphincter  and  the 
urethral  muscles  is  readily  perceived. 

Electrical  Currents  in  Diseases. 

This  is  a  most  complicated  process.  Remak  believed  (and  this 
view  still  obtains)  that  with  the  passage  of  the  current  there  results  a 
dilatation  of  the  blood-vessels  and  lymphatics,  causing  an  increased  flow 
of  blood  and  nutritive  material,  thereby  favoring  absorption  of  effete 
matter :  that  there  is  also  an  increased  osmotic  power  of  the  tissues, 
changes  in  disassimilation  and  nutrition  of  the  nerves,  changes  in  the 
molecular  arrangement  of  the  tissues  and  the  mechanical  transportation 
of  fluids  from  one  pole  to  the  other.  To  this  series  of  changes  the  name 
*^ catalysis''  is  applied. 


CHAPTER   VIII 

PRACTICAL  APPLICATIONS  IN  DISEASED  CONDITIONS. 

L  Cutaneous  Affections. 

To  a  very  large  extent  electric  currents  have  been  employed  in  the 
treatment  of  skin  diseases,  and,  as  the  technio  diflTers  greatly  in  numerous 
cutaneous  affections,  it  seems  best  to  enumerate  the  various  skin  lesions, 
detailing  under  each  the  technic  that  seems  most  applicable. 

Acne. 

In  this  affection  Liebig  and  Rohe  have  obtained  favorable  results. 
I  have  seen  a  few  cases  improve  by  the  use  of  hyperstatic  sparks,  and 
in  one  or  two  instances  by  the  ordinary  breeze. 

Eczema. 

The  local  effect  of  the  static  current  is  specially  indicated  in  eczema, 
where  the  brush  discharge  may  be  most  advantageously  employed. 
Eczema  yields  to  electrical  treatment  more  easily  than  any  other  skin 
lesion.  EockweU  recommends  the  application  of  the  galvanic  current 
applied  either  locally  or  centrally.  Bordier  (quoted  by  Hedley)  reports 
a  case  of  eczema  thus  treated,  the  result  being  very  siitisfactory.  He  uses 
the  positive  breeze,  and  this  frequently  reversed.  The  hydro-electric 
bath  has  given  very  satisfactory  results  in  the  practice  of  Gautier  and 
Laret 

Pruritus. 

In  pruritus  the  electric  breeze  is  most  useful.  The  duration  of  treat- 
ment should  be  between  fifteen  and  twenty  minutes.  The  metallic  point 
should  be  held  10  to  15  cm.  from  the  part. 

Alopecia. 

Local  galvanization  and  also  the  static  breeze  are  often  beneficial  in 
some  cases. 

SY(X)8IS. 

M.  Boisseau  du  Eocher  employed  the  following  method  for  sycosis. 
Ten  to  fifteen  silver  needles  attached  to  the  ])ositive  pole  are  inserted  into 
different  points,  the  indifferent  electrode  is  applied  to  the  nape  of  the 
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neck;  current  three  to  four  milliamperes,  duration  about  ten  minutes, 
application  every  second  day.  By  this  means  the  oxy-chloride  of  silver 
is  formed,  which  Ls  diffused  into  the  tissues  by  the  current.  It  may  take 
three  or  four  weeks,  and  20  to  30  seances,  to  complete  an  absolute  cure. 

Hypertrichosis. 

Since  we  are  able  to  cause  a  general  or  local  epilation  with  the 
X-rays,  the  process  of  electrolysis  Ls  gradually  being  abandoned.  The 
method  with  the  electric  needle,  formerly  so  prevalent^  but  tedious  and 
painful  in  operation,  has  largely  given  way  to  the  X-rays.  I  have 
succeeded  in  removing  hair  from  the  forearm  by  a  weak  but  constant 
current,  but  it  never  should  be  forgotten  that  an  acute  and  active  derma- 
titis may  thus  be  readily  produced.  If  the  hairs  are  few  in  number  and 
scattered  over  the  face,  I  believe  the  electric  needle  safer  and  less  dan- 
gerous though  more  painful  than  the  Rontgen  rays.  On  the  contrary,  a 
burn  with  the  X-niys  may  leave  a  life-long  scar.  For  the  fiwje,  therefore, 
it  is  advisable  to  resort  to  electrolysis. 

The  method  of  epilation  is  as  follows  :  Place  the  patient  on  a  high 
chair,  take  a  fine  needle  which  is  attached  to  the  negative  i>ole  of  the 
galvanic  current,  while  the  patient  holds  the  jiositive  pole  in  the  hand. 
A  sponge  of  fair-sizcMl  dimensions  and  well  wetted  is  attached  to  the  latter 
electrode.  The  numl>er  of  cells  used  is  5  to  8,  so  that  a  current  of  from 
3  to  4  milliaini)eres  is  produced.  A  current  of  smaller  amperage  than 
this  may  be  used  ;  1  to  2  niillianipei*es  being  often  sufficient.  The  hair 
is  seized  with  a  pair  of  tweezei-s,  at  the  same  time  the  disengaged  hand 
inserts  the  needle  slowly  into  the  hair- follicle.  The  patient  squeezes  the 
sponge  to  complete  the  circuit,  which  is  indicated  by  small  bubbles 
emanating  from  the  ])oint  where  the  needle  is  inserted.  The  needle  Ls 
usually  allowed  to  remain  10  to  15  s(*conds.  The  patient  now  loosens  the 
hold  so  iis  to  break  the  circuit.     An  interrupting  handle  (Fig.  46)  is 
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employed  by  many  for  this  ])articular  purpose.  If  the  hairs  are  not 
loosened  readily,  defer  tlie  ])ro(*edure  until  another  time.  The  needle 
should  be  heated  to  redness,  wlien  its  repe^ited  introduction  will 
Ik*  neeessiirv  for  each  individual  hair.  This  method  is  for  coarse  hair. 
For  the  downy  hair  s<M»n  on  the  lip  or  chin  in  women,  this  method  is 
unsatisfactory,  and  it  is  advisiible  to  resort  to  the  X-rays. 
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Psoriasis  and  Pityriasis. 

In  both  of  these  diseases,  the  negative  pole  of  the  galvanic  current 
seems  to  be  the  more  efficacious.  Sometimes  both  poles,  bearing  large 
electrodes,  are  employed. 

Ringworm  and  Scleroderma. 

Both  of  these  diseases  are  markedly  improved  and  often  cured  by  the 
application  of  the  galvanic  current. 

Prurigo. 

Dry  faradization  may  give  relief  from  the  intense  itching,  and  at 
times  will  effect  a  cure. 

Cutaneous  An.s»thesia. 

For  this  condition  Rockwell  believes  faradization  to  be  a  specific. 
The  electric  brush  should  always  be  given  a  trial. 

Herpes  Zoster. 

Dr.  Larat '  reports  several  cases  of  acute  herpes  zoster  in  the  emp- 
tive  stage  with  fever  and  unbearable  lancinating  pains,  which  were  cured 
by  the  continuous  current.  The  method  is  simple  and  can  be  employed 
by  any  physician  owning  a  galvanic  battery.  The  positive  pole  (repre- 
sented by  an  electrode  3>^  by  5  inches  [9  x  13  cm.],  covered  with  absorb- 
ent cotton  and  well  moistened)  is  applied  over  the  point  of  emergency 
of  the  aflfected  nerve  or  nerves.  The  negative  pole  is  connected  to 
an  electrode  placed  over  the  affected  area.  The  absorbent  cotton  cover- 
ing the  electrode  should  be  made  large  enough  to  cover  all  the  vesicles, 
whether  formed  or  forming.  A  current  strength  of  from  6  to  10  ma.  is 
employed  for  25  or  30  minutes.  The  sensation  produced  by  this  current 
is  that  of  a  severe  pricking,  but  it  is  well  borne  by  the  patient. 

Two  applications  are  made  daily,  but  in  case  of  failure  at  first,  the 
author  recommends  that  more  be  used.  Under  their  influence  the  pain 
ceases,  the  eruption  is  arrested,  the  vesicles  show  a  tendency  to  dry  up, 
in  fact  all  the  local  manifestations  of  the  disease  appear  aborted.  A 
cure  is  accomplished  in  from  24  to  48  hours,  unattended  by  the  usual 
subsequent  neuralgia. 

The  probable  explanation  of  these  good  results,  is  the  accepted  hy- 
pothesis, that  herx)es  zoster  is  a  trophic  and  sensory  peripheral  neuritis,  in 
which  the  continuous  current  has  the  same  curative  effects  as  are  manifest 
in  other  forms  of  peripheral  neuritis. 

*  Revue  Internationale  d'6lectrotherapie,  October,  1904. 
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Electric  t resit  luent  should  l)e  iustituteil  iis  soon  after  birth  as  is  prac- 
ticable. The  needles  may  l)e  alternately  nt^ative  and  positive,  or  all 
attached  to  one  pole,  and  an  ordinary  pad  electixnle  used  for  the  other 
pole.  Current  may  l)e  employed  up  ti)  .SO  ma.  Duration  5  minutes. 
Current  must  be  gradually  lowei*ed  to  zero  before  withdrawing  the 
needles. 

PoRTW^XE  Mark. 

For  these  distigunMuents  iLse  a  numl>er  of  needle-points  attached  to 
a  disk,  so  that  punctures  may  1h?  effecte<l  simultaneously;  the  current  is 
gradually  turncHl  on,  allowing  2  to  3  ma.  for  each  needle.  This  proceil- 
ure  is  to  l)e  re|R*ated  eveiy  A  weeks.  The  needles  should  b(*  insulated, 
except  at  the  point.  The  ])ole  selected  will  vary  with  the  vascularity, 
the  prominence,  and  the  extent  of  the  nievus.  With  large  blood  channels 
use  the  p«>sitive  i)ole;  tor  Hat  spots  some  of  the  needles  may  be  i>ositive, 
some  negative.  Curi*ent  M)  ma.  Duration  10  to  15  minutes.  The 
needles  are  left  in  place  half  a  minute,  so  iis  to  produce  a  slight  eschar, 
they  are  then  shifted ;  the  whole  surface  being  thus  dealt  with. 

MoLErt  AND  Warts. 

The  indifferent  positive  electrode  is  placed  in  the  neighborhood  of 
the  ^rri^wth.  A  nt^Mlle  attiK'hiMl  to  the  cathode  is  inserted  at  its  middle, 
or  just  alxive  its  basts  pai'allel  to  the  integument.  Current  aliout  5  ma 
Allow  the  current  to  tlow  till  the  growth  changas  color  and  I'esembles  a 
cluster  of  hrriH\s.  Then  bring  the  current  to  zero.  Time  i-equii^ed  is  2 
to  :i  minutes  for  ea<*li  wart.  In  a  fortnight  the  growth  disapi>eais, 
no  s<^'ar  remaining.  Another  method  is  to  attach  both  poles  to  sharp 
nw*dles  and  transtix  the  growth  by  the  needles  inserted  parallel  to  the 
skin. 

Frurxc^LEs  and  Cakhi^vc^lrs. 

The  local  treatment  of  these*  growths  ])v  electricity  is  advoc»ate<l  hy 
Marcus.'  Previous  to  the  api)earance  of  suppuration,  he  opens  the  folli- 
cles of  the  atfeete<l  area  an<l  introduces  into  them  an  epilation  neeiile  cou- 
necW'd  with  the  negative  pole.  Through  this,  a  current  of  one  to  two 
riiillianipenvs  is  pass<Hl  at  first,  which  is  afterwards  iucre^ised  to  ten.  By 
Hli^rhtly  moving  the  needle  around,  the  opening  of  the  follicle  is  cimsider- 
Jibly  eiihirged.  and  a  (juantity  of  frothy  serum  is  soon  poureil  out,  con- 
faininj.'  |>orfions  of  tissn<'  and  numerous  cocci.  Then  the  nee<lle  is 
removed  and  the  spot  is  carefully  cleansed  ;  the  needle  is  again  introduced 

•  MuimImmmt  iiMMlizinisohe  Wodienschrift,  May  23, 1905,  No.  21. 
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aud  one  or  two  milliamperes  of  current  are  again  allowed  to  paae.  The 
positive  pole  is  now  to  be  connected  with  the  needle,  aud  the  current  again 
raised  to  ten  milliamperes.  Thia  causes  the  liberation  of  acid,  which  is 
always  more  energetie  in  its  nascent  condition.  In  two  or  three  niiuutes 
the  treatment  is  suspended  and  the  Hurfatx;  again  washed  with  water. 
Each  afifected  follicle  is  treated  in  the  same  manner.  If  suppui'atiou 
has  already  commenced,  a  larger  needle  is  introduced  into  the  folli- 
cles and  moved  around,  until  the  entire  greenish -yellow  pus  plug  is 
broken  up  and  disappears  in  foam.  Then  the  positive  pole  is  intro- 
duced and  is  again  followed  by  the  negative  pole.  A  wet  dressing  is 
applied.  This  treatment  is  not  applicable  to  very  large  carbuncles  or 
extensive  swellings. 

II.  Muscular  System. 
Myalgia. 

Employ  local  faradization  with  a  mild  current,  either  stabile  or 
labile.  Stabile  galvanization  with  a  mild  current  is  often  effective.  Do 
not  cease  if  the  oouditiou  is  unaffected  or  ^gravated  at  first,  but  continue 
the  applications.  Static  electricity  by  means  of  a  roller  electrode  (Fig.  47) 
or  general  franklinization  is  frequently  curative. 


FlO.  IT,— Roller  elecCiode  vlth  Insnlalpd  polnl 


When  employing  the  battery,  Erb  advises  that  a  current  up  to  20 
ma.  maybe  used,  applying  the  anode  to  the  painful  [tartii,  aud  the  s^uce 
terminated  by  a  few  reversals. 

General  electrization  by  means  of  the  monopolar  sinusoidal  bath, 
faradic  current  apitlicatious,  aud  static  friction  have  also  many  advocates. 

WRrTBEs'  Cramp. 

It  is  assumed  that  this  disease  is  due  to  a  weakness  of  the  e^iitral 
nervous  system.  General  galvanization  of  the  spinal  cohimn  and  )>e- 
ripheral  nerves  should  be  resorte<l  to.  Farailic  electricity  is  useful  when 
applied  directly  to  the  muscles  or  groups  of  muscles  of  the  hand  and 
forearm.  Seen  in  the  very  beginning,  its  course  is  often  arrestetl  by 
using  the  above  forms  of  elet-trioity. 
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Weiss  ^  recommends  the  use  of  constant  currents  of  2  to  5  or  8  ma. 
for  15  to  25  minutes,  with  absolute  rest  from  writing.  Applications 
twice  daily  should  be  employed  during  the  first  weeks,  diminishing  later 
to  2  or  3  times  a  week.  If  extension  is  the  chief  symptom,  the  anode  is 
to  be  applied  to  the  palm  ;  if  flexion  be  marked,  place  the  positive  pole 
to  the  dorsum  of  the  hand.  Apply  the  cathode  to  the  nape  of  the  neck 
or  the  upper,  inner  surface  of  the  arm  and  the  anode  to  the  sensitive 
parts  for  10  to  20  minutes.  Treatment  should  also  be  applied  to  the 
motor  cortex  and  to  the  lower  cervical  region  of  the  spine. 

Torticollis. 

In  torticollis  galvanization  of  the  muscles  of  the  affected  side  with 
currents  of  from  5  to  15  ma.,  and  faradization  of  the  muscles  of  the 
opposite  side  often  prove  most  efficient  (Galvanization  of  the  sympa- 
thetic and  the  upper  portion  of  the  spinal  cord  should  always  be  tried ; 
but  long-continued  applications  are  contraindicated. 

MuscuLAK  Contractions. 

These  may  arise  in  hysteria,  myelitis,  meningitis.  Pott's  disease,  or 
they  may  be  reflex.  These  affections  may  be  treated  by  galvanization  of 
the  affected  muscles  or  of  the  antagonistic  muscles  with  stabile  currents, 
or  by  galvanization  of  the  head,  spine,  or  sympathetic,  etc 

Secondary  Contractures  Occurring  in  Hemiplegia. 

Charles  S.  Potts'  claims  that  in  cases  of  hemipl^ia  where  con- 
tractures have  been  allowed  to  develop,  the  patient's  disability  proceeds 
more  from  the  deformity  so  produced  than  from  muscular  weakness.  As 
the  deformity  is  caused  by  the  overaction  of  one  set  of  muscles,  usually 
the  flexors,  and  is  only  aggravated  by  their  stimulation,  the  indications 
are  for  metisiires  which  tend  to  relax  the  contracted  muscles.  This  can 
be  effected  by  the  application  of  the  positive  pole  of  a  galvanic  current 
over  the  motor  points  of  the  affected  muscles,  and  the  indifferent  elec- 
trode (negative  pole)  to  any  part  of  the  sound  limb,  as  over  the  sternum, 
or  to  the  nape  of  the  neck.  Anelectrotonus  should  be  aimed  at.  The 
current  employed  should  Ix^  gradually  iiicreiised  from  0  to  5  or  10  milli- 
amper(»s  (about  as  much  Jis  the  patient  can  boar),  and  kept  at  this  maxi- 
mum for  five  minutes,  then  gradually  i-educed  to  zero.  Unless  the 
current  is  gradually  reduced  to  zero,  catelectrotonus  will  follow  and  the 
condition  of  increased  irritability  thus  st»t  up  will  prevent  the  accomplish- 
ment of  our  object.     After  the.se  appliciitions  of  a  continuous  current,  a 

KVntralblatt  fi'ir  die  jrespam.  Therap.,  April,  1891. 

'  University  (A  Pennsvlvania  Medical  Bulletin,  October.  1905. 
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weak  famdic  current  should  Im;  employed,  juat  strong  enou^^h  to  cause  the 
muscles  to  contract  moderately,  about  a  dozen  times  and  no  more,  as  over- 
fitimulatioQ  defeats  the  end  we  have  in  view.  The  method  is  also  of 
service  as  a  preventive  ;  it  may  be  started  auy  time  after  the  end  of  the 
Bpcoud  week  following  the  seizure.  Three  treatments  a  week  for  several 
months  sliould  be  given,  followed  by  an  interval  (several  weeks)  of  rest. 

Mtasthesia  Ghavis. 

When  tetanized  by  the  interrupted  current,  the  myasthenic  muscle 
shows  a  rapid  decrease  in  the  degree  of  response  to  the  current^  evincing 
the  normal  physiological  effect  of  fatigue  with  excessive  and  abnormal 
rapidity  ;  but  after  tetauization  it  remains  just  as  resiwinsive  to  a  single 
dosing  shock,  proving  that  the  muscle  is  not  diseased,  but  that  the 
tronble  resides  in  the  nervous  system. 

HI.  The  Articular  System. 
Synovitis. 

In  acute  synovitis  all  forms  of  electrical  applications  are  contraiudi- 
eated.  Subacute  and  chronic  sjTiovitis  will  be  benefited  by  galvaniza- 
tion or  fkradizatiou.  When  a  cure  cannot  be  effected  by  these  means, 
the  application  of  percussion  static  sparks  is  sometimes  effective. 

BtDBO- ARTHRITIS. 

In  the  acute  stage,  as  in  synovitis,  any  form  of  electricity  is  irritat- 
ing. In  the  subacute  and  chronic  forms  the  active  electrode  (negative) 
of  20  to  25  ma.  current  sbonld  be  employed.  Each  treatment  should  last 
DO  longer  than  10  to  15  minutes.  The  indifferent  electrode  is  placed  on 
the  back  of  the  patient.  The  treatments  should  be  made  oo  alternate 
days,  or  every  third  day, 

Bh£UHATOID  Arthritis. 

In  this  affection  the  sinusoidal  biilh  is  very  beneficial.  Dr.  Boques' 
treats  the  affected  joints  by  the  electrolytic  introduction  of  ions  of 
•alicylic  at^id  into  the  surrounding  tissues.  Many  electro-therapeutists 
believe  that  the  beneficent  action  thus  obtained  is  partially  ascribable  to 
ft  nutritional  change  in  the  diseased  ai'ea. 

Chronic  Articular  Rheumatism. 

Chronic  or  subacute  articular  rheumatism  frequently  yields  to  static 
or  galvajiic  treatment ;   with   the   former   it   subsides  gradually.     The 

ite  m^dicale,  1903,  page  680. 


1 OG  ELECTEO-TH  ER  APEUTICS. 

condition  will  usually  be  benefited  by  local  faradization.  In  very  acute 
and  painful  cases,  it  is  well  to  1*6801*1  to  an»sthetization  with  cocaine 
by  the  cataphoric  process. 

Gout. 

.This  disease  is  benefited  by  static  electricity.  This  stimulates  all 
the  tissues  of  the  part,  improving  the  circulation,  and  in  general  doing 
much  good.  The  continuoiLS  flow  of  current  has  been  recommended,  but 
I  have  failed  to  obtain  any  appreciable  result  from  its  employment. 
Lithium  dipolar  baths  are  prescribed  by  some  authorities. 

Guilloz  *  reports  two  severe  Ciises  of  gout  treated  by  monopolar  elec- 
tric baths  containing  lithium  carbonate.  He  recommends  currents  up 
to  200  ma.,  and  places  the  positive  pole  in  the  bath,  the  cathode  of  large 
size  is  applied  to  the  patient's  back.  Similar  reports  by  Bordier,  in  the 
same  journal,  are  recorded. 

It  is  usually  maintained  that  the  various  currents  applied  directly  to 
the  joints  will  cause  a  stimulation  of  the  tissues  of  the  part,  resulting  in 
an  absorption  of  the  urates.  Prolonged  applications  may  aggravate  the 
condition. 

Tuberculous  Arthritis. 

Chanoz  and  L^veque-  report  three  cases,  where  the  direct  current 
proved  of  inestimable  value  in  tuberculous  arthritis.  In  one  case  L^veque 
himself  Wiis  the  sufferer,  and  his  treatment  directed  to  his  own  pei'son 
was  eminently  siitisfactory.  He  believer  that  the  negative  pole  is  eftec- 
tive  for  relieving  the  superficial  pain,  the  deeper  parts  being  more 
influenced  by  the  anode.  The  current  should  range  from  25  to  50  ma.  ; 
the  electrodes  should  be  of  large  size  and  placed  on  either  side  of  the 
diseased  joint. 

Fibrous  Ankylosis. 

Apply  large  electrodes  moistened  in  a  solution  of  sodium  chloride  to 
each  side  of  the  joint.  The  negative  pole  should  be  pUieed  nearest  the 
joint.  Use  a  current  strength  of  25  to  35  ma.  Duration  of  each  treat- 
ment from  10  to  25  minutes.  Treatments  2  or  S  times  a  week.  These 
electric  treatments  should  be  instituted  onlv  when  there  is  no  inflamma- 
tory  process  [) resent. 

M.  A.  Zimniennann  '  has  reviewed  the  mediciil  literature,  and  with 
the  exception  of  a  case  ti*eated  by  licduc,  of  ankylosis  of  the  elbow-joint 

'  Arch,  d' Electri(Mt('*  mt'dio^le,  June,  1S99. 

*  Arch.  d'Electricite  mcdicale,  1903,  page  2t>4. 

'Re\'ue  Internationale  d'Electrotherapie,  October,  1904. 
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reported  cured  by  electricity,  he  has  found  nothing  on  the  subject.  Many 
surgeons  recommend  electricity  in  such  cases  for  its  action  on  the  mus- 
cles surrounding  the  affected  joints,  but  that  is  a  form  of  electrical  mas- 
sage, and  not  an  electrical  application.  Zimmermaun  has  obtained  good 
results,  both  in  hospital  and  private  practice,  in  cases  of  fibrous  anky- 
losis, without  pain  or  discomfoit  to  the  patient,  by  the  employment  of  the 
continuous  current.  It  is  of  importance  to  determine  the  nature  and 
severity  of  the  affection,  because  in  cases  of  bony  ankylosis  no  more 
good  is  accomplished  by  electricity  than  with  other  forms  of  treatment. 
However,  in  some  cases,  severe  fibrous  ankylosis  in  which  massage  and 
passive  motion  failed  to  afford  relief,  some  degree  of  mobility  was 
obtained ;  whereas  in  adhesioas  resulting  from  a  gonorrhoeal  or  other 
arthritis  or  from  prolonged  immobilization,  cures  were  speedily  attained. 
It  should  never  be  forgotten  that  radiographs  are  of  inestimable  value 
in  making  a  differential  diagnosis.  The  negative  electrode  should  be 
placed  over  the  most  superficial  x)aii}  of  the  diseased  joint,  and  the  posi- 
tive electrode  on  the  part  of  the  joint  directly  oi)posite,  so  that  the  lines 
of  flux  will  pass  in  a  straight  line  through  the  joint.  The  maximum 
intensity  should  be  at  least  40  ma.,  and  the  applications  made  every  other 
day. 

The  number  of  applications  neceasary  to  effect  a  cure  will  depend 
upon  the  severity  and  chronicity  of  the  affection ;  from  15  to  20 
applications  are  required  in  cases  of  moderate  severity. 

IV.  Digestive  System. 

YOMITING. 

According  to  Apostoli  and  Bordier*  two  electrodes,  each  2  cm.  in 
diameter,  are  attached  to  the  pasitive  pole  of  the  battery,  and  are  placed 
over  each  pneumogastric  nerve,  between  the  insertions  of  the  sterno-cleido- 
mastoid  muscle.  The  indifferent  electrode  (100  sq.  cm.)  is  placed  upon 
the  epigastric  region  attached  to  the  negative  pole.  The  strength  of 
current  should  be  from  5  to  10  milliamperes.  If  nausea  is  threatened, 
the  current  must  be  at  once  run  up  to  15  or  20  milliamperes  and  there 
maintained,  so  long  as  any  ill  effects  are  experienced  by  the  patient.  The 
duration  of  the  stance  varies  from  4  to  20  minuter.  Two  sittings  a  day 
may  be  required  at  the  beginning  of  the  treatment. 

Dilatation  of  Stomach. 

Dilatation  of  the  stomach  is  best  treated  by  the  static  induced  cur- 
rent. The  outer  cover  of  the  Leyden  jar  is  attached  to  an  ordinary 
exciter,  terminating  in  a  small  ball.     This  is  applied  over  the  uncovered 

*  Therapeutic  Electricity,  quoted  by  W.  S.  He<lley. 


108  ELECTRO-THERAPEUTICS. 

epigafitric  region ;  the  distance  of  the  pole  of  the  machine  should  be 
such  as  to  produce  sparks  at  the  rate  of  from  10  to  15  per  second.  The 
exciter  is  to  be  left  on  one  spot  for  a  couple  of  minutes,  then  displaced  to 
another,  and  so  on. 

The  duration  of  each  treatment  should  be  from  10  to  16  minutes ; 
the  usual  reciuisite  number  of  sittings  is  from  18  to  20,  which  should  be 
given  every  second  day. 

Nervous  Dyspepsia. 

For  this  affection  the  galvanic  current  does  most  good. 

The  negative  pole  is  usually  placed  over  the  epigastric  r^on  and 
the  positive  pole  opposite  the  lumbar  region.  The  strength  of  the  cur- 
rent should  be  from  30  to  40  milliamperes ;  the  duration  of  each  treat- 
ment should  be  from  10  to  15  minutes :  the  number  of  treatments  to  bring 
about  relief  is  from  8  to  10.  A  cure  cannot  be  effected  by  this  method 
of  treatment 

Constipation. 

In  these  cases,  applications  over  the  cord  or  the  symxmthetic  system 
frequently  produce  most  excellent  results.  Direct  action  on  the  digestive 
tract  is  often  advantageous  in  promoting  peristalsis. 

Method  of  Application. — The  patient  is  placed  on  the  insulated  plat- 
form, and  the  indirect  static  spark  is  applied  to  the  various  parts  of  the 
abdomen.  This  should  be  done  by  starting  in  the  right  iliac  or  inguinal 
region,  gradually  ascending  to  the  liver,  thence  across  the  upper  abdomen 
along  the  course  of  the  transverse  colon.  This  is  followed  by  descending 
to  the  left  side  of  the  belly  toward  the  upper  part  of  the  rectum.  The 
object  is  to  excite  peristalsis  in  the  normal  direction. 

The  galvanic  current  is  also  applied  for  this  condition,  but  in  my 
experience  the  results  obtained  are  not  so  satisfactory  as  with  static 
electricity.  A  large-sized  electrode  (100  sq.  cm.)  is  attached  to  the 
negative  pole  of  the  battery,  and  the  electrode  is  applied  to  the  belly  in 
a  similar  manner  sus  outlined  above.  The  indifferent  positive  pole  is 
applied  to  the  lumbar  spine.  The  faradic  current  may  be  applied  instead 
of  the  gjilvanic. 

Dr.  Wahltnch '  luts  reported  seven  cjises  in  which  the  continuous 
current  produced  good  results.  He  used  a  large  sponge  for  the  positive 
I)ole  and  an  ordinary  medium -sized  one  for  the  negative.  The  former 
he  applied  to  the  epigsistrium,  while  the  latter  was  slowly  moved  over 
the  whole  abdominal  surface.  The  current  was  from  5  to  30  milliamperes. 
The  operation  was  repeated  on  alternate  days,  from  three  to  six  w^eeks. 

1  British  Medical  Journal,  1883,  vol.  11,  623. 
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A  method,  wliich  lia«  become  popular  in  France,  is  the  introduction 
into  the  I'ectum  of  a  bougie  elei-trode,  the  other  jjole  being  kept  on  the 
abdomen.  To  avoid  the  risk  of  e]eotrolj"sisi,  and  injury  to  tlie  rectal 
inueoua  membrane,  a  combined  douche  uud  electi-ode  has  been  devised. 

ESTEHITLS. 

Dr.  Zimraeru'  deacrilies  the  excellent  results  he  had  obtained  in 
mucous  mcmbi-auoua  enteritis  by  the  use  of  the  galvanic  current  applied 
externally  to  the  abdomen.  The  treatment  consists  in  applying  the  two 
electrodes  in  the  right  and  left  iliac  fossce,  and  using  a  current  which 
starting  from  0  is  slowly  and  gradually  brought  up  from  CO  to  150  mil- 
liamperes,  then  as  slowly  again  rednced  to  0.  The  direction  of  the  cur- 
rent is  then  reversed.  Each  treatment  lasts  alwut  20  minutes,  and  is 
repeated  three  or  four  times  a  week.  No  special  attention  is  paid  to 
the  diet,  though  highly  spiced  food  is  of  course  forbidden.  All  enemas 
or  cathartics  are  strictly  pnihibiteci,  save  with  the  following  exceptions. 
If  there  is  much  constipation,  two  spoonfuls  of  castor  oil  are  given  every 
five  days,  or  a  large  lavage  of  the  intestine  is  to  be  practised  if  the  castor 
oil  does  not  produce  the  desired  effect.  Every  day  a  very  small  enema 
of  cold  water  (100  grammes)  is  given  so  as  to  start  defecation  refiexly, 
wliich  is  more  or  less  dulled  by  the  lack  of  sensibility  of  the  mucous 
membrane. 

According  to  Zimmem,  the  results  obtaineil  are  not  so  much  due  to 
action  on  the  muscular  coating  of  the  intestine  as  to  action  on  the  general 
circulation  of  the  intestine.  Out  of  30  patients  treated  in  this  nmuner 
only  2  were  refractory  to  the  treatment,  and  20  were  absolutely  cured, 
the  remaining  eight  were  only  ameliorated.  Dr.  Delherm,  auother 
specialist  in  this  line,  describes  the  results  obtained  by  the  galvano-faradic 
treatment  in  53  patients:  46  eases  were  very  much  ameliorated  by  the 
treatment,  and  36  remained  cured  aft^r  a  year. 

Ben£  Despl&ts,  in  a  commuuicatioii  to  the  Soci^t^  des  Sciences  M6di- 
cales,'  stated  that  he  had  successfully  treated  twenty-five  cases  of  mnco- 
memhranous  colitis  and  spasmodic  constipation  by  electricity  of  high 
voltage^ 

His  method  consists  in  placing  two  large  metallic  electrodes  (tin 
plates,  eight  by  ten  centimeters)  covered  with  several  double  folds  of 
buckskin,  moistened  with  warm  water,  upon  the  surface  of  the  abdomen, 
one  in  each  iliac  fossa,  and  passing  for  ten  minutes  a  current  of  sixty  to 
seventy  milliamperes,  a  little  more  or  less,  according  to  the  tolerance  of 
the  patient.  He  also  reverses  the  current  at  the  end  of  each  minute.  If 
the  sudden  reversal  causes  too  great  a  shock,  he  lowers  the  current  even 

'  La  Prease  MWicale,  No.  27. 
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Vj  zero  before  reversal.  The  resort  to  all  purgative  remedies  is  sospeuded 
dunng  the  treatment  (which  is  repeated  every  two  or  three  days),  but 
if  there  is  no  sr>outaneous  movement  by  the  third  day,  he  orders  an 
etiema.  and  this  is  gradually  i-educcil.  In  atonic  constipation  the  results 
w#rre  verj'  satisfactory,  even  in  children. 

31.  \V.  Peyser  *  employs  a  short,  soft-rubber  rectal  tube  in  which  is 
placeri  a  metallic  conductor ;  this  is  passed  into  the  rectum,  coiling  in  the 
ampulla  lj«-ing  prevented  if  jx^ssible.  The  metallic  conductor  is  attached 
to  the  jKisitive  i>ole.  The  tube  is  connected  with  the  tube  of  a  fountain 
Mring^  which  contains  saline  solution.  A  large  pad  electi'ode,  well 
moLsteneii  with  saline  solution  or  thoroughly  soaped,  is  attached  to 
the  negative  jiole.  While  the  solution  is  flowing,  or  after  the  syringe 
is  emptier],  the  current  is  turned  on  and  gradually  increased  in  strength 
till  from  15  ma.  to  20  ma.  are  passing,  or  till  the  patient  complains  of 
burning  at  the  negative  pole.  There  should  be  no  sensation  from  the 
current  at  the  positive  pole.  The  solution  in  the  bowel  acts  as  one  of  the 
terminals,  thus  spreading  the  current  over  a  large  extent  of  surface  and 
f^ermitting  more  current  to  be  used.  Similarly,  the  large  pad  permits 
iurmnsml  amiH?nige.  In  a  varying  i)eriod  of  time  desire  for  defecation 
crimes  on — souietimes  immediately,  sometimes  not  for  several  hours. 
Should  it  come  immediately,  the  patient  should  be  persuaded  to  endeavor 
to  eontinue  the  treatment  for  a  while  loiiger.  The  number  of  treatments 
n;i|uire<l  varices  from  six  to  ten,  rarely  less  than  the  former  or  more  than 
the  Jatt4*r.  The  tolerance  of  the  patient  should  be  the  standard  ua  to  the 
i|iiantity  of  current,  some  taking  20  ma.  even  at  the  first  treatment, 
others  never  Ix'ing  able  to  take  more  than  12  ma.  at  any.  The  time  of 
i'iU'h  tn*iitnient  should  Ix?  from  fifteen  to  twenty  minutes,  seldom  more, 
n'jxjjited  daily  till  positive  effects  an^  obtained,  and  then  at  lengthening 
intervals  till  success  is  jussured  or  failure  manifested. 

Fiswriii:  OF  Tin:  Axus. 

The  indiflerent  electrode  is  placed  upon  the  abdomen,  while  the 
niunU\  covered  with  al)s<»rlM*nt  cotton  s;itnrated  with  a  10  i)er  cent  solution 
of  cjH'iiiiw  i  Massey;,  is  applied  to  the  fissure,  using  a  1  to  5  ma.  current 
for  Wiveral  minutes. 

Ari'i:rTioNs  ok  thi:  Kkctum. 

In  pan^is  of  the  sphincter  and  in  prolapse,  the  use  of  the  fanulic 
current  luis  produced  most  successful  n^sults. 

I>r.  (i.  Betton  Mass<*y  *  tieati^d  a  cas4»  of  rectal  prolapse  in  a  middle- 
ag<!<l  woman,  by  j)lacing  a  felt-covered,  fiat  elect  nnle  under  the  sacrum ; 

'  Virginia  :SIe<lical  Senii-Moiithly,  Feb.  9,  1906. 
*  Therapeutic  Electricity,  W.  S.  He<lley. 
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the  patient  being  in  a  dorsal  position.  An  ordinary  rectal  electrode  was 
inserted  into  the  rectum,  connected  with  the  positive  pole.  With  the 
proper  regulation  of  the  current,  slow  interruptions  were  effected,  by 
touching  one  of  the  terminal  posts  with  the  tip  of  the  conducting  cord. 
This  produced  a  good  form  of  muscle  contraction.  Duration  10  minutes. 
No  prolapse  occurred  after  the  first  treatment. 

Hemorrhoidb. 

The  treatment  of  internal  and  external  hemorrhoids  by  electricity  is 
by  no  means  easy.  I  have  never  seen  any  good  accomplished  by  this 
agent,  except  in  those  cases  where  the  electric  current  was  employed 
cataphorically.  Some  have  suggested  the  use  of  electric  needles,  and 
one  or  two  succeeded  in  obtaining  very  satisfactory  results.  The  electric 
cautery,  of  course,  is  a  method  for  the  relief  of  piles ;  the  procedure  is 
rapid,  aseptic,  and  painless. 

Stkictuke  of  the  Eectum. 

The  treatment  of  rectal  stricture  with  electricity  is  identical  with  that 
of  stricture  of  the  urethra.     The  instrument  used  is  larger  (Fig.  48),  and 


Fi«.  48.— Double  rectal  bulb  electrode. 

should  also  have  a  flat  surface  in  front  or  below.  The  indifferent  elec- 
trode should  be  held  by  the  patient's  hand,  or  it  may  be  applied  to  the 
anterior  abdominal  wall.  The  strength  of  the  galvanic  current  should  be 
from  6  to  15  milliamperes. 

V.  Genito-Urinary  System. 
Strioture  of  the  Male  Urethra. 

Crussel,  in  1839,  was  the  first  to  employ  electrolysis  for  the  cure  of 
stricture  of  the  urethra ;  Mallez  and  Tripier  were  the  first  to  practise  it 
systematically.* 

Dr.  W.  E.  Stevenson '  asserts  that :  The  electrodes  for  this  purpose 
are  catheter-shaped  gum-elastic  bougies,  terminating  in  a  metal  nickel- 
plated  piece  c-onnected  to  a  binding  screw  on  the  handle.  Place  the 
indifferent  electrode   on  the   patient's   back  ;  the   metal  plate   is   miide 

'"De  la  gu^rison  durable  des  rMrecissements  de  rnr^thre  par  la  galvano 
caogtique  chimique/*  Paris,  1867. 

'Annual  Meeting  of  the  British  Medical  Association,  1886. 
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XKNsitive.  Estimate  the  distance  of  the  stricture  from  the  meatus,  by 
marking  on  an  ordinary  boagie  which  has  be^i  passed.  Sapjiose  this 
bougie  was  a  Xo.  3  (English).  A  Xo.  5  electrode  is  passed  down  to 
the  stricture,  where  it  is  arrested.  Corroborate  this  by  previously  mark- 
ing the  electrode,  corresponding  to  the  mark  made  on  the  bougie.  Place 
the  electrode  again  in  position,  connect  it  with  the  illative  pole ;  the 
circuit  is  closed,  and  the  current  gradually  increased  without  breaks, 
until  the  maximum  strength  is  reached,  about  5  or  6  milliamperes.  The 
electrode  is  gently  pressed  against  the  stricture  in  the  normal  direction 
of  the  urethra  until,  from  the  dissolution  of  the  obstacle  in  front  of  it, 
it  passes  into  the  bladder.  The  current  should  at  once  be  cut  off,  and 
the  bougie  withdrawn. 

The  late  Dr.  Robert  Newman,  of  New  York  City,  advocated  the 
following :  The  patient  is  placed  in  the  dorsal  x>06ition,  the  thorax, 
abflomen  and  lower  extremities  being  in  one  horizontal  line,  while  the 
head  of  the  patient  is  slightly  elevated  by  raising  the  head-rest  of  the 
table.  A  large  electrode  in  the  terminal,  on  the  positive  side  of  the 
battery,  is  placed  over  the  abdomen  in  a  fixed  jKxsition,  and  well  pressed 
upon  the  tissues,  so  as  to  make  a  perfect  circuit. 

The  negative  electrode,  in  the  form  of  a  whalebone  bougie,  has  at 
the  inner  extremity  an  olive-shaped  head  of  the  proper  size.  This  is 
introduced  into  the  urethra  as  carefully  as  possible.  The  current  is  then 
turned  on  with  the  lever  of  the  rheostat,  so  as  to  prevent  shocking  the 
pat  ient. 

The  galvanic  current  that  is  used  usually  varies  between  three  and 
five  milliamperes.  The  tro^tnieuts  should  last  for  a  period  of  from  10  to 
15  minutes.  Two  of  these  treatments  are  essential  to  start  with,  then 
di8(?ontinue  for  another  period  of  two  days  or  two  weeks,  according  to 
the  iudieatiou.  Cai^  should  be  exercised  to  pass  through  the  lumen  of 
the  stricture  a  bougie  of  very  little  larger  dimensions  than  that  of  the 
C4ilil)re  of  the  opening.  At  the  second  treatment  a  bougie  with  a 
m<»tiillic  ovoid  should  be  passed,  the  dimensions  of  it  being  slightly  larger 
than  that  used  primarily.  By  doing  this,  there  is  a  gradual  dilatation  of 
th<»  Innieu.  After  two  weeks  a  Imugie  of  little  longer  dimensions  should 
be  employed,  and  exactly  the  siime  process  carried  out  as  outlined  above. 
The  treatment  sliould  consume  a  little  more  time,  and  the  current  used 
should  be  5  milliamperes.  The  third  treatment  should  be  given  on  the 
lf)th  day,  the  fourth  on  the  19th,  and  so  on.  The  operator  should  always 
rem(»ml)er  that  in  active  inflammation  of  the  urethral  tract,  electric 
applications  are  coutraindicated. 

After   the  dilatation   of   the   stricture,*  Selhorst   inserts  an    Ober- 
leender's  urethroscopic    tul)e,    passing  along   the  whole  length  of   the 

*  British  Med.  Journal,  March  24, 1906. 
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stricture.  In  examining  the  urethra,  the  tube  is  withdrawn  slowly  until 
the  surface  of  the  constriction  is  shown  in  the  opening.  The  needle, 
ending  in  a  strong  platinum  point  from  1.5  cm.  to  2  cm.  in  length,  iso- 
lated quite  close  to  its  point,  is  forced  to  a  depth  of  from  0.5  cm.  to 
1  cm.  into  the  fibrous  tissue,  according  to  the  dimension,  thickness,  and 
hardness  of  the  stricture.  The  needle  is  the  negative  pole  of  a  galvanic 
battery,  the  positive  pole  of  which,  a  large  moistened  disk,  is  placed 
on  the  thigh  or  on  the  abdomen.  The  electric  current,  of  from  4  to  6 
milliamperes,  is  turned  on  for  three  minutes.  Before  withdrawing 
the  needle  Selhorst  interrupts  the  current,  and  drives  the  needle  iuto 
another  part.  This  operation  may  be  repeated  four  or  five  times  during 
a  sitting,  and  if  exedlited  by  an  expert  hand,  is  said  not  to  be  very  pain- 
ful. During  the  whole  period  of  treatment  a  bougie  is  introduced  once 
weekly,  followed  by  an  irrigation  with  a  nitrate  of  silver  solution  to  pro- 
mote reabsorption,  and  to  maiutain  the  passage  of  the  urethra  at  the  size 
required. 

Philippe*  credits  electrolysis  with  many  cures  of  simple  stricture, 
but  maintains  that  a  combination  therewith  of  lavage  with  carbonic  acid 
is  required  when  chronic  urethral  inflammation  exists  as  a  complication. 
He  records  excellent  results  in  varicose  ulcers,  torpid  wounds,  fistula,  etc. 
The  gas  is  heated  to  45®  C.  and  driven  into  the  urethra  under  a  pressure 
that  may  be  regulated.  It  is  saturated  with  essence  of  cinnamon  as  an 
antiseptic  agent.  Minet  and  Averseuq  use  rigid  bougies  with  a  mercury 
bisulphate  battery.  A  current  of  3  to  4  milliamperes  is  passed  for  a 
period  of  15  minutes,  once  weekly.  This  ti'eatment  is  preceded  by 
progressive  dilatation  with  ordinary  sounds,  but  the  pennaneut  results 
are  mainly  attributed  to  the  electrolysis. 

Prostatitis. 

This  condition  may  be  treated  with  local  faradization  or  galvaniza- 
tion. One  of  the  poles  is  applied  to  the  urethra  or  to  the  i>rostate 
through  an  insulated  sound  or  catheter.  The  other  electrode  is  in  the 
form  of  an  insulated  rectal  sound.  The  terminal  of  the  electrode  passed 
into  the  urethra  is  of  course  allowed  to  remain  uncovered,  as  it  is  to 
come  indirectly  in  contact  with  the  prostate.  The  current  should  be  of 
such  a  strength  as  to  produce  a  sensation  of  warmth  in  the  deep  urethra. 

Dr.  John  V.  Shoemaker,'  of  Philadelphia,  has  devised  an  electrode 
which  is  well  adapted  to  prostatic  work.  The  instrument  (Fig.  49)  is  for 
use  in  the  reduction  of  hypertrophy  of  the  prostate  by  means  of  the  gal- 
^^nic  current  from  the  negative  pole.    The  usual  flexible  rheophores  are 

J  La  Presse  Medicale.  May  11,  1904. 
'The  Times- Register,  January  17,  1891. 
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attached  to  the  terminal  biuding  posts  (the  negative  pole  of  the  battery 
being  associated  with  the  handle  X,  and  the  positive  pole  with  the  handle 
V).  The  reoplioi*es  having  been  thns  jji^eviously  fastened,  the  rectal  limb 
of  the  instrnuient  (which  liiui  a  movement  in  the  vertical  plane)  is  pressed 
down  toward  the  sponge -covered  moistened  pole  ;  the  olive-sluiped  bulb 
jiole,  H,  having  l)een  previously  slightly  oileil.  The  instrument  is  then, 
with  the  handle  X  held  in  the  rear,  pjissed  under  the  crotch.  The  cur- 
rent of  the  battery  is  supposed  to  have  been  previously  set  flowing, 
(irasping  then  the  rear  handle,  X,  with  the  right  hand,  and  allowing  the 
front  handle,  P,  to  fall  away  from  the  crotch,  the  patient  now  presses  the 
olive-shaped  bulb,  B,  gently  into  the  reclum ;  any  slight  error  of  judg- 
ment as  to  direction  being  compensated  for  by  the  movement  of  that 
limb  in  the  vertical  plane.     The  patient  then  grasps  the  front  handle, 


Fig.  49.— Shnomaker's  prostatic  elcctrolyzer. 

P,  and  raises  the  levcT  formed  by  the  hinges,  H,  thus  bringing  the  mois- 
tened sponge-c(»vere(l  posiliN  e  pole,  S,  in  contact  with  the  perineum.  By 
exercising  m(»n»  or  less  pressure  with  this  pole  against  the  i)erineum.  the 
<*nrnMit  is  then  regulated  to  the  greatc^st  nicety  by  the  patient's 
sensiitions. 

Th<».  resistance  to  the  current  vari(»s  from  25,000  to  30,000  ohms,  the 
millianiperenieter  indicating  from  2  to  3  milliamperes,  the  duration  of 
administration  being,  according  to  Dr.  Shoemaker  and  other  authorities, 
from  3  t(»  5  minutes. 

Pakai.ysis  of  Tin:  rniXARV  Rt.adder. 

The  ele<trical  treatment  for  paralysis  of  the  bladder  is  divided  into 
the  internal  and  the  rxt^Tual.  The  currents  employed  are  both  the  gal- 
vanic an<l  faradic.  Sonic  suggest  the  ns(»  of  the  static  current,  but  in  my 
experience  this  has  accomplished  little  good. 
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The  external  application  is  conducted  by  placing  the  negative  pole 
or  electrode  over  the  symphysis  pubis,  and  the  positive  to  the  back  of 
the  neck. 

The  internal  application  can  be  made  by  placing  the  insulated  cathe- 
ter electrode  or  Duchenne's  double  vesical  electrode  into  the  urethral 
tract.  The  negative  pole  of  the  battery  is  attached  to  the  leader  in  the 
rubber  catheter,  while  the  positive  pole  is  applied  to  the  hypogastric 
region,  or  back  of  the  spine. 

IXCX)NTINENCE  OF   URTNE. 

This  condition  is  treated  electrically,  as  in  paralysis  of  the  bladder. 
In  the  adult,  both  the  internal  and  external  methods  may  be  employed. 
In  children  the  external  method  alone  is  usually  used. 

Faradic  treatment  is  to  be  preferred  in  cases  of  children  and 
especially  in  those  who  have  had  incontinence  from  earliest  infancy.  Of 
40  subjects,  55  per  cent,  were  cured  by  Genonville  and  Compain  ;*  63  per 
cent,  of  the  children  were  between  6  and  12  years  old.  The  sittings 
numbered  from  5  to  8  in  congenital  Cfises,  and  in  non -congenital  cases 
from  6  to  16  treatments,  with  the  exception  of  5  patients,  who  had  20  to 
29  stances.  Slight  improvement  during  the  first  week  is  a  favorable 
sign.  The  current  may  be  applied  directly  to  the  sphincter  or  to  that 
immediate  region.  All  but  20  per  cent,  of  the  subjects  were  improved 
or  cured,  and  in  16  cases  a  complete  recovery  occurred  in  a  maximum  of 
16  visits. 

Nocturnal  Incorttinence, — In  this  affection,  the  application  of  elec- 
tricity stimulates  the  cerebral  and  spinal  centres,  by  producing  painful 
local  impressions,  which  tend  to  bring  the  inhibitory  cei-ebral  mechanism 
into  closer  relation  with  the  reflex  centres  in  the  lumbar  cord.  For 
women  and  older  girls,  a  bare  metal  sound  is  introduced  into  the  urethra 
as  one  electrode,  the  indifferent  electrode  being  placed  upon  the  lower 
dorsal  spine.  The  sound  must  not  enter  the  bladder  for  more  than  a 
short  distance,  or  else  the  current  will  pass  to  the  urethral  walls.  For 
male  patients  the  applications  can  be  made  to  the  perineum. 

Spermatorrhcea  and  Seminal  Emissions. 

These  conditions  can  be  treated  either  by  the  application  of  local 
or  general  galvanic  or  faradic  currents,  either  internal  or  external.  The 
internal  method  consists  of  introducing  an  electrode,  insulated  by  a  rub- 
ber catheter,  into  the  urethral  tract,  sis  outlineil  in  cases  of  prostatitis. 
In  the  treatment  of  vesiculitis  or  ordinary  spermatorrhcea,  care  must  l)e 
exercised  to  cause  as  little  irritation  internally  as  possible.     The  results 

» La  Presse  Medicale,  1904,  No.  38. 
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obtained  are  due  to  the  electrolytic  action  on  the  mncous  membrane,  as  a 
result  of  the  mechanical  pressure  of  the  catheter,  or  upon  a  combination 
of  these  two  factors.  Sparks  and  the  static  breeze  to  the  perineum,  also 
the  brush  discharge  over  the  lumbar  and  sacral  vertebne,  may  prove 
useful  in  some  of  these  cases. 

Impoten'ce. 

If  this  condition  is  the  result  of  an  organic  lesion,  electricity 
will  do  little  good  ;  on  the  other  hand,  benefit  may  be  gained  by  the  use 
of  the  static  breeze,  si>ark,  etc.  Cases  of  impotency  due  to  a  psychical 
influence  may  likewise  be  improved  by  the  use  of  electricity.     . 

Orchitis. 

Scharff*  employed  electricity  successfully  in  the  treatment  of  epi- 
didymitis. During  the  acute  stage  he  applies  the  anode  to  the  lower 
part  of  the  scrotum  with  the  patient  in  the  dorsal  position,  employing  a 
large  electrode  with  a  maximum  current  of  half  a  milliampere ;  dura- 
tion of  the  first  application  three  minutes ;  very  gradually  increased  to 
five,  and  later  to  ten  minutes.  About  the  seventh  day  the  current  can 
be  increased  to  three  milliamperes.  The  cathode  is  placed  over  the 
groin  and  on  the  alxiominal  wall.  The  advantages  of  this  treatment 
are  its  rapidity,  and  the  early  relief  from  pain  and  swelling.  Good 
results  have  been  obtained  by  Onimus  and  Duboc,  of  Rouen ; '  Picot,  of 
Tours,  has  succeeded  in  forty  cases. 

Nephritis. 

Rockwell  reports  five  cxuses  of  nephritis  treated  by  electricity,  four 
of  which  recovered.  Ti-eatmeut  covered  a  period  of  from  two  to  eighteen 
months  ;  after  a  few  months  (edema  and  ascites  disappeared. 

The  technic  of  treatment  consists  in  the  employment  of  a  high-ten- 
sion faradic  current,  and  also  the  use  of  the  static  wave  current,  the 
latter  being  the  more  preferable.  He  suggests  that  these  currents  should 
be  employed  alternately. 

VI.  The  Nervous  System. 

Neitkalgia. 

Electricity  is  applied  to  neuralgia  in  the  following  forms  :   . 

General  faradization  and  central  galvanization. 

Local  faradization  or  galvanization. 

Central  and  peripheml,  or  a  combination  of  l>otli. 

'Centralbl.  f.  Krankh.  d.  Ham  mv\  Sex.  Organe,  1,  1894. 
*  Arch.  (J'Electrieito  medicale,  1894. 
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Oalvanizatiou  of  the  cervical  sympathetic. 

Cataphoresis. 

The  sinusoidal  current. 

Electric  brush. 

Electric  moxa. 

Static  electricity. 

Electric  bands  and  disks. 

The  magnet. 

The  initial  applications  should  be  mild,  owing  to  the  pain  frequently 
becoming  intensified,  especially  after  prolonged  sittings.  The  applica- 
tions should  be  made  daily,  or  every  other  day.  Either  the  positive  or 
negative  jKAe  may  be  applied  over  the  painful  points.  There  is  no  rule 
for  the  direction  of  the  current.  The  duration  of  tJie  s&ince  should  be 
brief. 

Should  the  faradic  current  be  tried  without  effect,  resort  should  be 
made  to  the  galvanic  current,  or  the  two  may  be  used  alternately.  Cen- 
tral and  general  galvanization  are  to  be  conducted  on  general  principles. 
Cataphoresis  will  at  times  benefit,  when  other  methods  fail.  The 
sinusoidal  current  often  acts  most  happily.  The  electric  moxa  is  some- 
times efficacious,  but  its  use  is  attended  with  great  pain.  It  acts  partly 
as  a  counter-irritant. 

Cephalalgia. — Dry  faradization  with  the  hand  is  most  useful  in  many 
forms  of  headache.  Stabile  galvanization  or  faradization,  uniform  or 
increasing,  may  be  used.  General  faradization  is  more  effective  than 
local  applications.  Central  galvanization  is  at  times  the  only  effective 
measure. 

Tic  Douloureitx. — In  this  exquisitely  painful  condition,  peripheral 
galvanization  or  faradization  should  be  tried ;  the  electric  moxa,  or  gal- 
vanization of  the  brain  or  cervical  sympathetic,  has  in  some  cases  proved 
effective. 

Professor  S.  Leduc,  of  Nantes,^  reported  several  cases  in  which  he 
had  obtained  excellent  results  in  neuralgia  by  the  electrolytic  intro- 
duction of  salicylic  ions  (galvanic  cataphoresis).  Eecently  he  has  again 
resorted  to  this  method  with  success  in  a  ciise  of  tic  douloureux  of  thirty- 
five  yejirs'  standing.  This  patient  was  cured,  according  to  Dr.  Leduc, 
in  three  stances  by  salicylic  ionization.  The  method  followed  was  to 
apply  the  cathode,  moistened  with  a  solution  of  sodium  sjilicylate, 
to  the  right  side  of  the  face,  and  at  the  first  treatment  the  current 
was  raised  gradually  to  an  intensity  of  45  milJiamperes  and  maintained 
there  for  forty  minutes.  After  the  second  stance,  which  took  place 
three  days  later  (when  the  current  wiis  allowed  to  pjuss  for  one  hour, 
with  a  current  of  35  milliamperes),  he  experienced  decided  ameliora- 

*  La  Semaine  M^dicale,  November  22, 1905. 
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tiou.  Finally,  a  third  and  last  ionization,  of  forty  minutes,  brought 
al>out  a  final  cessation  of  the  pain.  The  pain  now  only  returns  during 
exposure  to  cold. 

Feriplieral  Neuralgia, — Whatever  the  cause,  these  cases  should  be 
treated  by  stabile  faradization  and  galvanization,  or  the  electric  moxa. 
In  rebellious  cases,  central  and  general  electrization  should  be  tried. 

Sciati^fa, — Faradization  is  to  be  recommended  in  this  condition.  For 
the  novice,  galvanization  is  to  be  preferred,  owing  to  the  extreme 
evenness  of  the  current  required.  An  ill-directed,  prolonged  current 
often  aggravates  the  condition.  I  have  had  good  results  with  the  sta.tic 
spark. 

Paralysis. 

Eheumatic  Paralysis. — In  these  cases  faradization  is  extremely  useful. 
The  electro-muscular  contractility  in  recent  cases  is  normal,  in  long- 
standing cases  diminished.  It  is  important  to  institute  treatment  before 
the  occurrence  of  muscular  atrophy.  Static  and  galvanic  electricity  are 
also  valuable  in  rheumatic  paralysis. 

Syphilitic  paralysis  is  treated  in  a  manner  similar  to  rheumatic  pa- 
ralysis. 

Lead  Paralysis, — In  this  affection  the  electro-muscular  sensibility  is 
diminished  and  frequently  lost,  and  diplegic  contractions  may  api>ear.  If 
the  electro-muscular  contractility  is  completely  lost,  apply  a  galvanic  cur- 
rent, 5  to  15  ma.,  to  the  paralyzed  part  before  the  faradic  current  is 
employed.  The  latter  current  should  be  used  daily,  10  to  15  minutes  at 
eiujh  sitting.  When  the  slightest  contractions  occur  from  the  faradic 
current,  the  galvanic  may  be  discontinued. 

Paralysis  from  apium,  stramonium,  arsenic,  etc,  is  to  be  treated  by 
general  faradization. 

Hetniplegia, — Treatment  should  not  be  commenced  until  four  or  five 
weeks  after  the  attack.  Vigorous  electrization  of  the  affected  limbs  may 
completely  restore  them.  Further  efforts  may  be  directed  to  the  cranial 
lesion  by  the  applictition  of  the  continuous  current.  The  anode  is  applied 
to  the  forehead  and  to  the  side,s  of  the  head,  the  cathode  to  the  nape  of 
the  neck ;  the  former  electrode  l>eing  moved  slowly  to  and  fro  without 
interruptions.  Current  strengl  h  1  to  5  ma.  The  active  electrode  should 
be  of  medium  size.  Daily  treatments  for  one  month  ;  duration  of  eat*h 
sitting,  5  minutes.  If  aphasia  be  a.ssociated,  the  anode  may  be  applied 
to  the  third  left  frontal  convolution.  I  prefer  the  static  breeze  over  the 
head,  with  indirect  sparks  to  the  affected  side. 

Paraplegia, — Early  in  the  dise^use  the  galvanic  and  the  faradic  reac- 
tions may  bi»  normal.  Wh(»re  the  posterior  columns  are  affected,  electro- 
anaesthesia  may  likewise  coexist.     Treatment  consists  in  galvanization  or 
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faradization.  The  electro- muscular  contractility  is  frequently  so  much 
diminished  that  it  becomes  necessary  to  give  particular  attention  to  the 
motor  i)oints  in  order  to  produce  contractions. 

Facial  Paralysis. — Facial  paralysis  should  be  treated  by  local  faradi- 
zation and  galvanization.  When  response  is  not  obtained  by  the  faradic 
current,  it  is  of  little  use  to  employ  it ;  it  being  far  better  to  depend 
upon  the  galvanic  cun-ent.  In  this  disease  the  current- revei'ser  electrode 
is  exceedingly  convenient.  A  current  just  sufficient  to  produce  contrac- 
tion is  better  than  a  stronger  current,  and  short  applications  are 
preferable  to  long  ones. 

Poliomyelitis, — In  poliomyelitis,  the  paralysis  prec^es  the  wasting. 
The  faradic  irritability  soon  becomes  lost,  with  temporary  increase  of 
galvanic  irritability  and  degenerative  reactions.  The  latter  are  often 
mixed,  due  to  the  nerve-fibres  being  unequally  affected,  an  increase  of  gal- 
vanic irritability  in  the  muscles  with  retention  of  faradic  irritability  in 
the  nerva  In  infantile  palsy,  there  is  loss  or  absence  of  electro-muscular 
contractility.  Treatment  consists  in  the  galvanization  and  faradization 
of  the  affected  muscles,  and  the  constitutional  methods  of  treatment  of 
general  faradization,  central  galvanization,  and  static  electrification. 

Locomotor  Ataxia. — The  electro-muscular  contractility  may  be  nomlal 
or  increased,  as  distinguished  from  ordinary  motor  paralysis,  depending 
upon  anterior  or  lateral  spinal  sclerosis.  It  may,  however,  be  dimin- 
ished. The  disease  may  be  treated  by  galvanization  of  the  spine,  central 
galvanization,  and  general  faradization,  when  cerebral  disturbances  or 
general  ataxia  of  the  nervous  system  appear,  galvanization  of  the  cer- 
vical sympathetic  and  peripheral  faradization  with  sponges  and  the 
metallic  brush.  Static  electricity  by  means  of  long  percussive  sparks 
over  the  spine  is  often  useful. 

€hhonic  Spinal  Muscular  Atrophy. 

The  use  of  central  galvanization  is  here  indicated,  with  faradization 
and  galvanization  of  the  affected  muscles.  Static  electricity  is  strongly 
commended  by  many  electro-therapeutists. 

Epilepsy. 

Erb  recommends  the  following  method  :  ^^Plao^  the  anode  over  the 
forehead,  and  the  cathode  to  the  neck.  Current  1  to  2  J  milliamperes. 
The  duration  of  each  treatment  is  about  one  minute.  The  position  of 
the  electrode  is  then  changed ;  the  anode  is  then  placed  to  the  middle  line 
of  the  head  and  the  cathode  to  the  occiput." 

I  advise  the  administration  of  the  stiitic  current ;  especially  the  wave 
current  or  breeze  over  the  head,  hiis  in  some  cases  done  good.  The  cur- 
rent should  be  applied  every  day,  if  passible,  and  continued  for  months. 
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Insomnia. 

This  affection  fre<iueiitly  yields  to  treatment  by  electricity.  I  have 
seen  xmtients  fall  into  slee})  while  I  was  treating  them  with  the  static 
bi'eeze.  The  galvanic  current  applied  to  the  sympathetic  system,  or  the 
faradic  current  applied  to  the  heiid  and  spine,  and  also  general  faradiza- 
tion have  given  most  encouraging  results.  The  majority  of  electro- 
therapeutists  incline  to  the  opinion  that  the  most  favorable  results  are 
attained  by  employing  the  static  current. 

Hysteria. 

In  this  condition  a  psychical  effect  is  produced  by  the  static 
and  also  by  the  galvanic  curi-eiit.  It  is  also  possible  in  many  cases  that 
a  lessening  of  nervous  irritability  results  from  the  electrical  applica- 
tions. In  fact  very  little,  if  any,  good  is  done  in  this  disease  by  the  use 
of  electricity. 

Hypck^hondkiasis  and  Melancholia. 

In  these  conditions  l>oth  general  giilvanization  and  faradization  of 
the  cervical  sympathetic  do  good  by  the  psychical  effect  upon  the  {mtient. 
Static  electricity  in  some  cases  would  api>ear  to  be  beneficial. 

Insanity. 

The  various  forms  of  insanity  are  at  times  favorably  influenced 
by  using  the  sjune  tivatni(»nts  as  arc  referred  to  in  the  preceding  pani- 
graph.  It  is  unfortunate  that  in  asylums  electncity  has  not  l>een  more 
extensively  employ<»(l.  The  use  of  the  static  l>ath  would  seem  to  be 
beneficial,  and  to  this  end  experiments  are  being  conducted  at  the  Phila- 
delphia Hospital. 

Xeurasthknia. 

Dr.  Charles  K.  Mills'  lyelieves  that  electricity  iLsed  only  in  the  form 
of  general  faradization,  with  a  slowly  iutiTrupted  curi*ent,  is  less  useful 
than  nnissiige.  In  not  a  few  castas,  the  nurse  who  attempts  to  give  faradic 
electricity  to  a  ])atient  is  unskilful  or  irritating  in  her  method  of  admin- 
istration. On  the  whole.  Mills  pn^fei^  the  metho<l  of  direct  muscular 
faradization,  supplement<Ml  with  gliding  or  labile  currents,  applied  to  the 
(Mitire  limb  or  part.  The  nurst*  holds  two  moistened  electrodes  in  one 
hand,  and  passers  from  auo  muscles  to  another;  then  i)laciug  one  elec- 
trode* to  the  spine  or  in  the  nc^ighborhood  of  the  ner\'e  plexus,  the 
electrode  is  pass<i(l  from  iM)int  to  point  down  the  limb. 

'TnmsactioiiH  nf  the  Philadelphia  County  Medical  Society,  Nov.  29, 1905. 
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Dr.  W.  B.  Snow*  sjiys  in  reference  to  the  electrical  tre^itment  of 
ueiirastlienia :  '^  For  the  general  tonic  effects  indicated  in  every  case  of 
nenrasthenia,  the  wave  current  should  be  administered,  by  placing  the 
long,  spinal  electrode  (one  inch  in  width  and  18  to  22  inches  in 
length)  over  the  vertebral  column  from  the  cervical  to  the  lumbar  re- 
gion for  from  at  least  15  to  20  minutes,  and  employing  as  long  a  spark- 
gap  as  may  be  used  without  causing  uncomfortable  muscular  contractions. 

*' Patients  will  usually  take  a  treatment  with  a  four-inch  spark. 
Though  persons  with  small  muscles  and  but  little  fat  may  not  bear  a  two- 
inch  spark-gap  current,  large  or  fat  persons  will  bear  and  require  one 
measured  by  a  five-  or  six-inch  spark  discharge.  After  the  first  few 
applications,  the  patient  perspires  gently  with  each  such  treatment. 
Not  only  does  the  activity  of  sweat  glands  resume,  but  there  is  a  grad- 
ually increasing  resumption  of  other  functions.  There  is  marked  in- 
crease in  the  daily  excretion  of  solids  in  the  urine,  digestion  imi)roves, 
appetite  returns,  the  bowels  become  more  regular. 

*  *  While  many  cases  have  been  cured  by  no  other  agency  than  the 
wave  current,  we  believe  that  the  active  peripheral  stimulation  and  mas- 
sage afforded  by  the  long  and  friction  sparks  hasten  the  recovery  of  every 
case,  the  time  factor  of  which  will  depend  on  the  duration  of  the  affec- 
tion, the  adherence  to  regimen,  the  extent  of  functional  derangement, 
the  recuperative  powers  of  the  patient,  the  regularity  with  which  the 
treatments  are  administered,  and  the  technic  employed.  Treatment 
should  be  given  daily  for  at  least  two  weeks,  when  every  second  day  may 
sufl&ce." 

Exophthalmic  Goitke. 

In  the  treatment  of  exophthalmic  goitre.  Dr.  Francis  B.  Bishop,*  of 
Washington,  believes  that  the  only  rational  method  of  procedure  is  by 
means  of  the  electric  current. 

The  vagus  is  easily  stimulated  in  the  neck  from  the  subauricular 
fossa  to  the  clavicle,  and  with  a  much  weaker  stimulus  and  in  much  less 
time  than  the  sympathetic.  So  with  care  we  may  get  the  inhibitory  and 
other  influences  of  the  vagus,  without  unduly  exciting  the  sympathetic. 

Preference  for  the  application  to  the  vagus,  has  been  for  the 
continuous  current,  and  the  method  of  application  has  been  to  stimulate 
both  nerves  at  the  ssime  time.  A  large  sponge-electrode,  attached  to  the 
positive  pole,  is  placed  high  up  on  the  back  of  the  neck.  A  bifurcated 
cord  is  used  for  the  negative  side,  and  two  small  sponge-electrodas  are 
placed  one  on  each  side  over  the  pneumogastric,  in  the  lower  part  of  the 
neck  and  impinging  upon  the  thyroid. 

^  Post-Oraduate,  December,  1900. 

'The  Journal  of  Advanced  Therapeatics,  February,  1904. 


122  ELECTRO-THERAPEUTICS. 

*'The  current  is  gradually  turned  on  and  the  pulse  noted,"  says 
Bishop ;  ^^the  current  is  allowed  to  remain  at  that  point  for  ten  or  fifteen 
minutes,  or  longer,  until  a  decidedly  quieting  effect  has  been  produced. 
Then  the  small  sponges  are  placed  directly  on  the  gland  and  the  current 
turned  on  to  the  point  of  tolerance,  and  is  allowed  to  pass  from  five  to 
eight  minutes.  This  treatment  Ls  persisted  in  every  other  day,  and  in 
many  cases  a  decided  improvement  will  be  noticed  in  a  month.  Later, 
I  have  been  using  the  high-potential,  high-frequency  current  as  an 
auxiliary,  and  have  been  much  pleased.  One  jmtient  begged  me  to  dis- 
continue all  other  treatment^  a«  she  was  so  much  benefited  by  the  high- 
frequency  spark  applied  directly  to  the  thyroid  and  cervical  spine,  over 
the  liver,  spleen,  kidneys,  abdomen,  and  over  the  r^ion  of  the  ovaries. 
A  letter  received  some  time  ago  states  that  she  continues  to  improve." 

Heiiman's^  experiences  with  electro-chemical  treatment  of  exophthal- 
mic goitre  encourage  further  work  in  this  line,  he  thinks.  He  applies 
the  cathode  over  the  goitre  with  the  continuous  current,  25  to  40  milliam- 
peres,  similar  to  Bordier's  tehnic,  except  that  he  uses  a  cathode  which 
contains  potassium  iodide.  In  one  caae,  for  instance,  he  applied  a  cur- 
rent of  20  milliamperes  for  about  twenty  minutes  a  day,  the  positive 
electrode  on  the  back,  and  the  negative  on  the  neck.  The  cathode  was 
placed  on  a  thin  sheet  of  leiul,  shaped  to  the  neck,  over  several  layers  of 
sterile  gauze  impregnated  with  a  concentrated  solution  of  potassium 
iodide,  covering  the  entire  goitre.  The  current  was  turned  on  and  off 
very  gradually.  After  a  w<*ek  of  this  treatment  all  the  symptoms  of  the 
exophthalmic  goitre  had  disappeared,  and  the  size  of  the  neck  had  been 
reduced  from  39.5  cm.  to  38  cm.  The  patient  felt  perfectly  well  and  has 
continued  in  good  health  since  that  time — November,  1905.  The  im- 
provement in  another  c^use  described  was  almost  equally  striking,  and  in 
this  c;use  iodide  was  found  in  the  urine  five  days  after  the  last  appli- 
cation. He  also  detected  iodine  in  gauze  under  the  anode  of  the  back. 
Other  cast\s  from  his  experience  are  described  and  some  of  the  laws  of 
electro-chemistry  are  cited  to  exx>lain  the  phenomena  observed. 

VII.  Gynecology. 

The  value  of  <*lectro- therapeutic  measures  in  gynecology  has  l>een 
for  many  years  a  subject  of  heated  disciLssion  among  its  many  champions, 
and  anionj^  the  eijually  numerous  opponents  to  its  emi)loyment  in  diseiises 
peculiar  to  women. 

Dr.  Barton  Cook  Hirst, =  of  Philadel])hia,  remarks  that  of  late  he 
has   found   galvanism   and    faradisni   of  value  in  a  limited  numlx^r  of 

*  Hygieia,  Storkliolm,  Last  Irnlex,  j).  908. 

-  "Limitations  and  Possihilitios  in  iho  Treatment  of  Diseases  of  Women/*  read 
l>efore  the  Philadelphia  County  Medical  Society,  January  25, 1?K)5. 
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mnditloDH  in  gyaeoologiiial  pI■a^^tilW.     As  a  liiemostatic  ia  iiucomplicat«d  j 
small   flbroUi    tmnoi-s,  with   uo  other  symploiQ  than  metrorrhagia,  lie  I 
iiigiir(li!<J  it  as  a  iin«t  elticient  ^euL     He  fuutid  it  peculiarly  useful  i 
tlie   treatment  of  itnieiiorrhcea  and   sterility,  the   results  of   iiui>erfe 
developmeut  or  atrophy  of   the  uterus.     Two   illustrative   atses  wei 
reported    in   which  normal  nieustrnation  was   restored  and  conoeption   1 
occurred  after  the  nse  of  this  treatment-.     In  one  wouian  there  had  heeu  [ 
ameuoiThceii  for  a  year.     In  the  other,  the  nieustruatiou  biwi  been  reduced  1 
to  a  scanty  discbaige  lasting  leas  than  a  day,  aa  a  result  of  lactatJOD 
atrophy.     The  tbinl  iiidiciition  was  to  restore  tone  to  a  paretic  sphincter 
atli  muscle,  after  itrt  imperfect  ri^tonvliun  hy  surgical  means,  in  which 
there  had  l«eu  no  contractile  power  exercised  for  a  number  of  years,     A 


fourth  indication  was  found  in  certain  types  of  dysmenorrhoea  associated 
with  an  ill-developed  uterus.  Local  treatment,  however,  he  believed, 
was  very  rarely  practicable  in  such  cases. 

In  disease  of  the  uterus,  local,  central,  and  general  treatment  may  l»e  1 
employed.     Local  treatment  may  be  external  or  internal. 

The   uterus   and   the   appendagt«  may  be    tnsited   electrically  by  ' 
applying  one  pole  over  the  h\-pogaRtrluni  sind  the  other  over  the  lumbar 
region.     In  virgins  thLs  method  should  always  be  triini  fii-st. 

In  the  internal  method,  one  pole  may  be  applic<1  te  the  os  by  moana  J 
of  an  insulated  electi-ode  with  a  metallic  belt^  while  the  other,  bearing  a  I 
broad  electrode,  is  applied  to  the  back,  or  on  the  hypogastric  region,  or  J 
over  au  ovary. 

In  using  the  faradic  current,  both  poles  are  applied  internally.     The  I 
sinusoidal  current  is  of  great  value  for  the  alleviation  of  uterine  pain. 
Figs,  50  and  51  ilUiHlnite  two  valuable  rlcctrodes  in  gyneculngicnl  work. 
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Amenorbhcea. 

For  amenorrhcea  Dr.  Golding  Bird  *  believes  in  the  value  of  shocks 
from  the  Leydeu  jar.  He  transmits  twelve  successive  shocks,  from  tlie 
sacrum  to  the  pubes.  Panecki  uses  the  induction  coil.  In  chlorosis, 
marked  benefit  is  sjiid  to  accrue  from  the  nutritional  effects  of  the  electric 
bath.  In  hesilthy  women  who  menstruate  .regularly,  electricity  often 
hastens  the  flow,  especially  when  applied  to  the  abdomen  or  pelvic  re- 
gion. Another  method  consists  in  having  the  patient  lie  on  a  large  elec- 
trode, and  in  applying  a  circular  one  with  the  handle  alternately  to  the 
epigastrium  and  hypogastrium,  stabile,  using  30  milliamperes.  This 
should  1x5  succeeded  by  a  strong  primary  faradic  current. 

Dysmenorrhcea. 

When  this  affection  is  due  to  a  cervical  stenosis,  electrolysis  is  indi- 
cated. For  dysmenorrhcea,  independent  of  stenosis  or  structural  change, 
the  galvanic  current  is  of  value  in  relieving  congestion  and  pain.  The 
applications  are  to  be  made  prior  to  menstruation  and  repeated  daily. 
These  same  applications  oflTer  most  beneficial  results  in  dysmenorrhoea 
dependent  upon  pelvic  cellulitis ;  occasionally  the  faradic  current  is  of 
value. 

Fibroid  Tumors. 

The  electrical  treatment  of  uterine  fibromata  has  been  elaboratelv 
studied  by  Bartholow,  Miussey,  Engelmaun,  and  many  others.  Indeed 
since  the  brilliant  investigations  by  Apostoli,  the  literature  of  uterine 
fibromata  has  assumed  massive  proportions.  In  1882  Apostoli,  in  an  arti- 
cle to  the  Acad(!*mie  de  M^deciue,  expounded  his  views  on  a  subject  here- 
tofore uuthoiight  of,  that  at  once  aroused  attention  and  invited  thought. 
He  advised  the  use  of  an  internal  platinum  positive  electrode,  and  an 
aMominal  negative  electrode,  of  large  surface,  made  of  moist  china  clay, 
with  a  continuous  current  of  GO  to  70  milliamperes.  Applications  5  to 
15  minutes.  Seanc(\s  once  or  twice  weekly.,  The  current  was  to  destroy 
the  mucous  membrane,  which  was  succeeded  by  a  healthy  repair  proc*ess 
and  by  a  cicatrization  to  check  the  metrorrhagia. 

Bergouie  and  Boui^sier'^  sum  up  the  results  they  obtaineil  in  one  hun- 
dred casc*s  of  uterine  fibroids  as  follows:  **The  electric  treatment  of 
fibro-mvomata  is  undoubtedlv  efticacious  as  a  palliative  method  of  treat- 
ment.  WTien  hemorrhage  wjis  the  chief  symptom  complained  of,  90  per 
cent,  were  relieved.  The  general  state  of  health  was  improved  in  79  per 
cent.;  the  pain  was  relieved  in  50  per  cent.,  while  a  decrease  in  the  size 
of  the  tumor  was  observed  in  10  per  cent,  only." 

'  Electricity  ami  Magnetism,  1S49,  Lecture  V,  and  Appemlix  B. 
''  Arcli.  d'Electricito  m/dicale,  \sm,  211. 
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Ovarian  Tumors. 

The  electrolytic  treatment  of  these  tumors,  which  was  formerly  so 
largely  in  vogue,  has  been  completely  abandoned  by  elecitro-therapeutists. 
The  danger  incident  upon  operation  is  less  than  that  incurred  by 
electrolytic  means. 

Chronic  Metritis. 

In  these  cases  either  the  faradic  or  galvanic  current  may  be  used. 
The  more  usual  method  is  to  apply  the  galvanic  current.  Place  the 
anode  (per  si)eculum)  upon  the  os,  and  the  cathode  upon  the  epigastrium, 
stabile  5  to  10  minutes,  2  or  3  times  a  week.  Current  about  20  milli- 
amperes. 

Periuterine  Hematocele. 

Apostolus  method  is  intended  to  effect  a  chemical  caustic  change  by 
means  of  the  cathode.  A  fistula  is  thus  established,  which  tends  to 
remain  open,  with  adhesions  between  the  seat  of  the  affection  and  the 
external  mucous  membrane. 

Stenosis  of  the  Cervical  Canal. 

In  these  cases  galvanism  is  of  great  value.  Introduce  a  sound,  con- 
nect it  with  the  cathode,  apply  the  anode  to  the  abdomen.  Current  50  to 
75  milliamperes }  application  5  minutes. 

Subinvolution  and  Atrophy. 

Early  in  the  condition,  the  faradic  current  is  most  useful,  applied  by 
means  of  the  bipolar  electrode.  Later  in  the  affection  the  galvanic  cur- 
rent is  to  be  employed,  and  the  treatment  to  be  instituted  is  similar  to 
that  for  chronic  metritis. 

Urethral  Caruncle. 

If  pedunculated  the  galvano-cautery  snare  is  passed  around  the 
caruncle  and  the  current  turned  on.  The  carbon  or  i)latinum  electrode 
is  used,  covered  with  absorbent  cotton  saturated  in  a  solution  of  cocaine. 
Current  5  to  15  milliamperes.  When  no  i^edicle  exists,  puncture  with  a 
n^ative  needle  ;  current  10  to  15  milliamperes. 

Post-Partum  Hemorrhage. 

Use  current  of  the  primary  wire  with  an  inter-uterine  electrode,  with 
the  indifferent  electrode  on  the  abdomen.  A  pocket  faradic  battery 
answers  admirably,  that  of  Gaiffe  of  Paris  being  deservedly  popular. 


1 26  ELECTRO-THERAPEUTICS. 

Vomiting  of  Pregnancy. 

In  vomiting  of  pregnancy  the  induction  coil  of  fine  wire  is  prefenibly 
employed.  Apply  the  anode  to  the  nape  of  the  neck,  the  cathode  to  the 
epigsustriiim.     Avoid  the  uterine  region. 

Slow  Labor. 

This  may  be  hastened,  and  atony  and  inertia  of  the  uterus  overcome 
by  the  use  of  the  Ikradic  current.  Electrodes  of  large  size  are  applied 
on  each  side  of  the  fundus,  near  the  umbilicus.  A  powerful  current  is 
piissed  with  the  occurrence  of  a  pain. 

Dr.  C.  A.  Covell,  in  a  paper  entitled  '*A  Case  of  Asthma  with  Fi- 
broids and  Pelvic  Adhesions  Cured  by  Galvanism,- '  *  mentions  the  case  of 
a  patient,  aged  37,  married,  who  suftered  with  marked  dysmenorrhoea  and 
bearing-down  pains.  The  pelvic  trouble  bec^ime  constant,  and  she  was 
advised  to  undergo  an  operation  for  hysterectomy  and  ovariotomy.  The 
author  then  says,  ''lH?cause  of  the  great  tenderness  and  pain  I  used  the 
vaginal  abdominal  alternations,  a  large  pad  of  absorbent  cotton  and  wire 
being  placed  over  the  abdomen  and  a  Leclanch6  zinc  insulated  with  rub- 
ber tubing,  the  tip  covered  by  cotton,  was  placed  in  the  vagina.  Gradu- 
ally turning  the  current  on  and  off,  and  reversing  it  occasionally,  from  25 
to  100  milliamperes  were  used,  she  being  able  to  bear  more  current  some 
days  than  at  others.  Treatments  were  given  at  first  every  other  day  and 
later  twice  a  week  only.  Improvement  was  rapid.  In  six  months  the 
exudate  wjis  absorbed,  and  in  one  year  the  pelvic  organs  were  nearly 
normal.  The  fibroids  wei-e  re<luced  to  the  size  of  a  walnut.  The  pain 
cejised,  and  as  the  pelvis  cleare<l  the  asthma  became  less  and  less,  finally 
ce^ising  also. 

*'I  did  not  see  her  again  professionally  for  four  years.  One 
year  sinc^  she  became  pregnant,  without  any  unusual  symptoms.  She 
went  to  full  term,  and  in  May  last  was  delivered  at  the  Good  Shep- 
herd Hospital  of  a  nine- pound  boy.  Labor  histed  five  hours  and  was 
normal  in  all  respects.  While  she  was  under  chloroform  I  carefully 
examined  the  uterus  and  found  two  interstitial  fibroids  the  size  of  my 
thumb. 

''  To  me  the  interesting  things  about  this  case  are  these  :  The  asthma 
wjis  of  reflex  origin  and  ceased  lus  the  x)elvic  condition  was  relieved. 

**The  method  of  ai)plication  of  the  current  in  periuterine  infiam- 
mation. 

*'Tlie  uterus,  which  the  leading  gynecologist  of  central  New  York 
said  it  was  iiecessjiry  to  remov(*  to  sjive  the  i)atient's  life,  under  elec- 
tri(*4il  treatment  produced  four  years  later  a  healthy  child." 

'  Read  at  the  Thirteenth  Annual  Meeting  of  the  American  Electro-Therapeutic 
Association,  Atlantic  City,  .Septeinl)er  23,  1903. 
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VIII.  Aneurism. 

Treatment  of  aneurism  by  electro- puncture  dates  back  to  Pravaz 
(1838),  Peterkin  (1845),  and  Ciniselli  (1870). 

Ciniselli  *  luis  collected  23  cases  of  aneurism,  six  of  which  were  appar- 
ently cured  by  electro- puncture,  16  died,  and  in  one  case  result  is  not 
known.  The  openitors  sometimes  used  one  needle  in  the  sac,  sometimes 
both.  Tripier  advocates  the  insertion  of  the  positive  needle  only,  on 
account  of  its  property  of  coagulating  albumen.  In  Ciniselli' s  cases,  20 
to  40  cells  were  used  from  10  to  30  minutes.  The  method  now  frequently 
employed  is  to  take  a  fine  coiled  wire  of  gold,  silver,  or  platinum,  so  drawn 
out  that  it  may  be  readily  passed  through  a  thoroughly  insulated  needle. 
The  anode  is  the  active  electrode,  the  cathode,  a  clay  pad  on  the  abdomen. 
The  current  may  gi'adually  ascend  to  80  milliamperes.  Duration  30  to 
60  minutes. 

Cornelius  A.  Griffith'  describes  an  interesting  case  of  sacculated 
aneurism  of  the  abdominal  aorta,  treated  by  the  introduction  of  silver 
wire  and  the  passage  of  the  constant  current. 

The  tumor  was  in  the  epigastric  region,  lying  almost  directly  to  the 
left  of  the  middle  line,  extending  up  under  the  ribs  and  downward  nearly 
to  the  umbilicus,  its  size  being  about  that  of  a  cocoanut ;  it  caused  some 
bulging  of  the  epigastrium,  was  distinctly  pulsating,  and  presented  a 
well-marked  systolic  bruit.  Pain  was  constantly  present  in  the  back 
and  at  the  left  side,  and  also  in  the  epigastrium,  following  the  taking 
of  food ;  occasional  retching  was  experienced,  but  there  was  no  actual 
vomiting. 

Subsequently  an  operation  was  determined  upon,  when  a  fine,  long, 

metal  trocar  and  canula  were  thrust  well  into  the  sac,  the  trocar  was 

withdrawn,  and  a  vulcanite  insulating  canula  substituted,  through  which 

fine  silver  wire  was  introduced  into  the  sac.    About  six  feet  of  wire  were 

passed  in,  connected  to  the  negative  pole  of  a  constant  current  battery, 

and  15  to  25  milliamperes  passed  for  15  minutes.     At  the  end  of  this 

time  it  was  noticed   that  the  tumor  was  harder  and  the  pulsations 

had  grown  less.     The  canula  was  then  withdrawn   and  the  operation 

complete,  whereupon  it  was  noticed  that  the  bulging  caused  by  the 

tumor    had   almost    disappeared.     Patient   died    in   about  five  hours, 

apparently   from    shock.     Port- mortem   examination  showed   that  the 

Sac  was  filled  with  a  dark  clot  about  the  coiled  wire,  and  that  a  double 

^oop  of  the   wire  had   been   passed  for  about  two  inches  up   into  the 

^^oracic  aorta.     The  introduction  of  coils  of  wire  in   aneurismal  sacs 

'Luigi  Cinieelli  ("Siigli  aneurismi  dell'  aorta  toracica  finora  trattati  colla  elletro- 
pnntara  ") ,  Milliano,  1870,  quote<l  in  Dr.  Keyes's  paper  on  "  Practical  Electro-Therapeu- 
tics," New  York  Med.  Jouraal,  Dec.  1871. 

^London  Lancet,  August  12,  1905. 
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should  be  avoided  if  i)ossible,  and  the  immediate  clotting  of  the  blood 
•  within  the  sac  by  the  passage  of  a  small  current  is  believed  to  be  of 
advantage. 

Dr.  H.  A.  Hare  *  reported  eight  operations  of  this  nature,  the  three 
now  reported,  making  a  total  of  eleven,  in  his  own  experience. 

The  fii-st  of  these  three  oases  owurred  in  a  woman  of  50,  the  aneu- 
rism involving  the  superior  and  posterior  portions  of  the  transverse  arch 
of  the  aorta,  and  included  the  origin  of  the  large  vessels  arising  from  this 
part  of  the  aorta.  The  occurrence  of  severe  symptoms  made  relief 
imperative,  and  gold  wire  to  the  amount  of  eight  feet  was  passed  into  the 
sac  through  an  ordinary  insulated  needle,  and  through  this  wire  was 
passed  an  electrical  current  started  at  5  milliamperes  and  gradually 
increased  to  50  milliamperes  for  30  minutes.  The  immediate  effect  of 
the  operation  was  to  relieve  the  pressure  symptoms,  and  for  several 
weeks  afterward  she  was  able  to  sleep  in  a  reclining  posture  with  perfect 
comfort.  Six  months  later  the  growth  began  to  enlarge  at  the  margin  of 
the  clot,  and  death  finally  occurred  from  pressure  and  exhaustion. 
Autopsy  cx)nfirmed  the  diagnosis  in  every  particular,  and  revealed  the 
wire  embedded  in  the  clot. 

The  second  case  occurred  in  a  man  aged  42,  and  was  probably  trace- 
able to  heavy  lifting.  There  was  some  paralysis  of  the  right  vocal  cord, 
but  no  interference  with  swallowing  ;  the  growth  filled  the  epiclavicolar 
space  at  the  right  side,  and  passed  backward  under  the  sterno-mastoid 
muscle,  pushing  apart  the  bellies  of  the  two  branches  of  this  muscle 
and  protruding  prominently  into  this  space.  Two  feet  of  gold  wire  were 
passed  into  the  tumor  and  the  current  passed  as  before,  from  5  to  50 
milliamperes  being  used  in  the  course  of  40  minutes.  The  patient  was 
relieved  immediately  after  the  operation,  and  his  voice,  to  some  extent, 
soon  returned.  Four  months  later,  however,  he  died  from  exhaustion  and 
pressure.  Autopsy  confirmed  the  diagnosis,  but,  strangely  enough,  no 
trace  of  the  wire  could  be  found  in  any  part  of  the  clot. 

The  third  case  occurred  in  a  woman  aged  50,  and  involved  the 
thoracic  aorta  just  below  its  descending  portion.  Erosion  of  the  ribs 
w;i8  noted  upon  tlie  left  side,  so  that  the  sac  projected  to  the  extent  of 
two  inches  outside  of  the  line  of  the  bodv  between  the  vertebne  and  the 
lower  third  of  the  left  scapula.  Nine  feet  of  wire  were  introduced  and 
the  current  ptussed  as  in  the  preceding  case,  from  5  to  50  ma.  during  a 
period  of  three  quarters  of  an  hour.  The  immediate  effect  of  the  opera- 
tion wits  to  diminish  the  (»xpansile  pulsation.  At  the  end  of  four  months, 
however,  the  patitmt  died  from  i)re.ssure  symptoms  and  exhaustion.  The 
autopsy  confirnied  tlie  diagnosis  and  revealed  the  wire  embedded  in  the 
centre  of  the  clot. 

^Tlierappiitio  (iazotte,  July  25,  1905. 
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CHAPTER   IX 

APPLICATIONS   IN  THE  SPECIALTIES. 

I.  Rhinology  and  Laryngology. 
Atrophic  Rhinitis. 

In  atrophic  rhinitis,  Delavan'  saggeste  the  application  of  the  nega- 
tive pole  to  the  retro-uasal  space,  and  the  positive  pole  to  the  nape  of  the 
neck.  The  strength  of  the  galvanic  or  faradic  current  should  be  from  4 
to  6  milliamperes.  Each  treatiaent  shoalil  last  fi-om  5  to  12  miuutes.  The 
applications  shoald  be  made  every  other  day. 

PHAByNGITia. 

Hahn  *  asserts  that  be  obtained  good  results  iu  cases  of  pharyngitis 
by  the  use  of  the  faradic  current.  Violet  rays  and  high-frequency  cur-  . 
rents  have  frequently  proved  nseful.  In  pharyngitis,  and  in  many 
pharyngeal  and  liiryugeal  affections,  ozone  inhalations  have  been  warmly 
commended  (Fig.  52).  !Many  ingenions  electrodes  for  nasal  and  pharyn- 
geal work  have  been  devised,  two  very  useful  ones  being  shown  in  Pigs. 
53  and  54. 


liObt-DOHal  nud  phBryng^ftl, 


In  this  affection  some  electro-therapeutists  apply  cupric  electrolysis. 
In  1895  at  a  meeting  of  the  Belgian  laryogologists  and  otologists,  Cheval 

'TiBDSactionH  of  the  American  LaryniroloBical  Association,  1887,  p.  14ti. 
'Joamal  de  MWecine,  Paris,  Noveinlwr,  1902. 
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annouuecil  the  cure  of  91  per  cent,  of  cases  of  ozsena  at  a  single  s^nce. 
He  employs  a  copper  needle  (positive  pole)  and  inserts  it  into  the  mucous 
membrane  of  the  middle  turbinatetl  bone,  and  introduces  a  steel  needle 
into  the  mucous  membrane  of  the  inferior  turbinated  bone  of  the  same 
side.  The  strength  of  current  is  between  18  and  20  milliamperes,  for  a 
period  of  10  minutes. 

Anaesthesia  of  the  Pharynx. 

Indu<*eil  or  continuous  currents,  percutaneous  or  pharyngeal,  may  be 
used  in  such  ciises.     Short  static  sparks  are  often  beneficial. 

Laryngeal  Fatigue  (fatigue  voade). 

Bordier  '  states  that  Moutier  and  Granier  of  the  Opera  in  Paris, 
had  been  able  to  prove  that  electro-static  applications  exerted  a 
favorable  influence  upon  laryngeal  fatigue.  The  patient  was  charged 
negatively  and  the  anode  or  grounded  point  electrode  was  applied 
near  the  mouth  and  nose.  Applications  daily  for  15  or  20  minutes 
showed  an  increased  duration  of  the  respiratory  movements,  the  pitch  of 
the  laryngeal  sound  was  raised,  and  the  quality  of  the  voice  became 
more  agreeable. 

Atrophic'  Pharyngitis. 

Shurley "  used  cocaine  in  the  treatment  of  atrophic  pharyngitis  and 
then  applied  one  electrode  through  the  nose,  and  the  other  to  the  pos- 
terior and  latenil  wall  of  the  pharynx.  The  current  increased  both  the 
crolor  and  secretion  of  the  membrane.  With  the  use  of  the  faradic 
current,  Sajous  has  obtained  good  results. 

Anosmia. 

Anosmia  may  result  from  long  continued  rhinitis  or  from  a 
peripheral  lesion. 

The  treatment  may  be  external  and  internal.  The  external  treat- 
ment is  the  same  as  for  rhinitis,  sjive  that  the  current  is  stronger.  The 
internal  treatment  consists  in  the  direct  application  of  a  metallic  electrode 
to  the  nasjil  mucous  membrane. 

Rockwell  mentions  a  cjtse  of  anosmia'  of  six  years'  duration,  where 
the  patient  could  only  iH»rceive  the  odor  of  kerosene  oil  and  freshly 
ground  coffee,  and  who  was  entirely  cured  by  two  apx>licatious  of  the 
faradic  current. 

'  "  Medical  Electricity,'*  by  H.  Lewis  Jonep. 

■''Transactions  of  the  American  I^rynpologioal  Asfiociation,  1887,  p.  146. 

^Medical  and  Surgical  Electricity,  by  A.  I>.  Rockwell,  p.  482. 
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Asthma. 


The  galvanic  current  over  the  pnenraogastric  and  sympathetic 
regions  has  been  frequently  used  in  asthma,  with  asserted  good  results. 
The  farailic  ciu-rent  is  sometimes  effective.  In  some  instances  persistent 
faradization  of  the  chest  and  neck  has  been  followed  by  marked  reliefl 

Courtade,  in  a  communication  made  to  the  Soci6t6  Medico-Chirur- 
gicale,*  recommended  the  application  of  electricity  to  the  lateral  cervical 
region.  The  positive  pole  is  placed  on  the  neck,  so  as  to  produce  a  con- 
dition of  electrotonus, — /.  e,,  a  diminution  of  the  excitsibility  of  the  nerve. 
Thus  directed  the  current  acts  upon  the  pneumogsistric  at  first  in  a  cen- 
trifugal manner,  so  as  to  excite  the  bronchial  and  laryngeiil  muscles; 
following  this  it  acts  centrii>etally  upon  the  phrenic  nerve,  and  upon 
the  great  sympathetic.  The  excitation  of  the  latter  is  able  to  modify 
the  vaso-motor  activity  of  the  vessels  of  the  medulla  oblongata  and  the 
respiratory  centres.  The  results  were  found  to  be  very  favorable  in 
essential  asthma. 

II.  Otology. 

Auditory-Nerve  Deafness. 

This  is  best  treated  by  the  bifurcated  electrode  and  the  battery  cur- 
rent, using  the  cathode  to  the  eai's.  Gradually  vary  the  current  by 
employing  a  rhythmic  interrui)ter,  or  by  turning  the  current  on  and  off 
with  the  current  collector.  Ten  milliamperas  is  the  maximum.  S^nces 
of  5  or  6  minutes  are  long  enough.  Apply  to  both  ears  simultaneously,, 
so  as  to  prevent  vertigo.  Use  electrodes  of  a  one-inch  surface.  Place  a 
small  pad  of  moist  absorbent  wool  between  the  electrode  and  the  skin, 
because,  the  electrode  being  small,  the  density  of  the  current  is  great. 
One  variety  of  the  double  ear  electrode  is  shown  in  Fig.  55. 


Fig.  55. — Double  spunge-tipped  ear  electrode  in!>uluted  with  hard  rubber. 

Chronic  Suppuration  of  the  Middle  Ear. 

Rockwell  states  that  in  experimenting  on  these  cases  he  used  the  gal- 
vanic current.  The  theory  on  which  the  experiments  were  based  was 
that  ulcerous  conditions  in  the  ear  might  be  treated  electrically,  similarly 
to  the  same  conditions  elsewhere.  An  electrode  with  a  long,  narrow 
extremity,  covered  with  a  little  cotton,  was  inserted  into  the  auditory 

>  I.e  Bulletin  M^dicale,  February  21,  1906. 
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canal  through  a  rubl)er  speculuin,  the  caiial  being  filled  with  tepid 
water.  The  electrode  is  usually  connecited  with  the  n^ative  pole  of  the 
galvanic  current,  though  sometimes  with  the  i)08itive.  The  circuit  is 
completed  by  the  hand  of  the  patient  holding  a  sponge  electrode,  or  rest- 
ing on  a  stationary  electrode.  Weak  currents  and  short  applications  are 
to  be  employed,  while  some  form  of  rheostat  is  indispensable. 

Tinnitus  Aurium. 

Subjective  noises  can  sometimes  be  dispelled  at  once  by  battery 
currents. 

In  chronic  ear  disei^se,  when  patients  are  electrically  treated,  the 
tinnitus  is  often  found  associated  with  great  increase  in  the  irritability  of 
the  auditory  nerve. 

In  treating  tinnitus  aurium  select  two  small,  well-padded  electrodes, 
of  about  2  cm.  in  diameter,  to  form  a  divided  anode  ;  apply  one  to  each 
ear,  just  in  front  of  the  titigus.  The  c^ithode  (an  electrode  of  large  size) 
is  applied  to  the  nape  of  the  neck.  The  cun^ent  is  slowly  raised  to  5 
milliamperes.  Duration  10  minutes.  The  anode  usually  diminishes  the 
tinnitus,  the  ciithode  inrceases  it ;  somc^times  the  reverse  occurs.  If  no 
improvement  follow  either  application,  it  is  futile  to  continue. 

Dr.  William  S.  Bryant '  details  excellent  I'esults  obtained  from  elec- 
trical treatment  in  tubal  tinnitus  wherein  other  methods  had  failed.  The 
negative  pole  can  be  applied  to  the  tube,  preferably  through  the  nase. 
It  is  In^st  made  in  the  form  of  an  eustachian  catheter,  conical  at  the  tip, 
and  in  three  sizes.  It  should  be  insulated  to  within  thrtHi-quartei's  of  an 
inch  of  the  end  of  the  ele(*trode.  Duell's  electric  l)Ougie  is  very  satis- 
factory in  the  most  refractory  cases.      Atrophy  calls  for  stimulation  and 

electiicitv. 

As  a  complete  resumr,  of  the  uses  of  electricity  in  aura-l  diseases  and 
affections,  1  can  do  no  better  than  append  the  following  abstract  from  the 
excellent  paper  of  Dr.  J.  J.  Richardson,  of  Washington,  D.  C,  entitled 
*' Electricity  in  Otoh>gy."  ^ 

u  #  *  #  *  ]  .j,jj  jj()(^  mj  enthusiast,  who  claims  elect ricitv  to  be  a 
panacea  for  all  diseases,  but  after  careful  experimentation  and  observa- 
tion, I  am  convinced  that  it  at  least  possesses  gi*eiit  po&sibilities  along  (»er- 
tjiin  lines.  *  *  *  *  j  know  from  practical  experience  that  we  can 
by  its  employment  in  one  form  or  another  ( 1)  stimulate  weak  muscles, 
(2)  relieve  pain,  (*ither  l)y  direot  action  of  the  current  or  by  the  ciita- 
phoric  application  of  anicsthetics,  (S)  stimulate  absorption  of  inflam- 
matory exudates,  (4)  ovcMcoine  stenosis  or  com])lete  strictures,  and  (5)  at 
times  revive  nervous  activity.     A  thorough  knowledge  of  the  physiology 

'  LaryngoscojK',  July,  1004. 

2  New  York  Medical  Journal.  February  25.  1906. 
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and  pathology  of  the  parts  we  are  treating  and  also  of  electro-physiology 
and  electro-physics  is  demanded.  The  apparatus  must  be  of  the  high- 
est standard  and  under  perfect  control,  as  otherwise  we  are  assum- 
ing a  risk  which  is  unjustifiable,  and  may  inflict  injury  instead  of 
affording  relief.  For  example,  in  the  application  of  galvanism,  the 
polarity  of  the  current  is  of  the  greatest  importance.  The  negative  pole 
will  often  do  good  whilst  the  application  of  the  positive  may  be  painful 
and  even  injurious.  ♦  *  ♦  ♦  Again,  a  mild  current  will  fre- 
quently relieve  or  cure  conditions  where  a  stronger  one  would  aggravate 
them. 

4<  #  ♦  *  ♦  There  are  different  methods  of  applying  electricity  to 
the  ears.  The  one  which  I  employ  for  both  the  galvanic  and  faradic  cur- 
rents, when  both  ears  are  to  be  act/cd  upon,  is  a  bifurcated  intra-auricular 
electrode,  the  metallic  ends  of  which  I  cover  with  moist  absorbent  cotton. 
For  the  indifferent  pole,  an  ordinary  sponge  electrode  is  placed  in  the 
hand  or  over  the  nape  of  the  neck.  I  frequently  apply  it  to  the 
eustachian  tube  by  introducing  a  hard-rubber  catheter  in  the  ordinary 
way,  and  passing  through  it  a  metallic  bougie  electrode,  applying  the 
other  electrode  over  the  mastoid  region.  In  this  way  it  acts  directly  on 
the  muscles  of  the  tube,  which  at  times  lose  their  normal  tonicity,  and  it 
also  stimulates  the  circulation  of  the  parts.  For  this  purpose  I  usually 
employ  the  faradic  current,  which  produces  a  sort  of  tingling  sensation, 
but  no  vertigo  or  other  symptoms  of  cerebral  irritation. 

**The  active  x>ole  for  therapeutic  purposes  should  most  always  be 
the  positive,  unless  electric  torpor  exists,  as  it  is  the  sedative,  deconges- 
tive  one.  The  negative  pole,  which  we  employ  in  studying  the  auditory 
nerve  excitability,  acts  in  the  inverse  sense  ;  with  the  faradic  current  the 
polarity  is  unimportant. 

'^  In  the  distressing  symptom  of  tinnitus,  electricity  will  fre<iuently  be 
beneficial  where  other  forms  of  treatment  have  been  of  no  avail.  It  is 
in  these  cases  where  the  ordinary  treatment  of  inflation,  eustachian  and 
middle  ear  medication  have  been  instituted,  and  where  the  naso-pharynx 
and  nasal  cavities  have  l>een  treated  with  negative  results,  that  electricity 
offers  some  encouragement.  A  fair  percentage  of  the  patients  will  be 
greatly  benefited,  and  one  occasionally  cured.  Wlien  the  tinnitus  is  of 
labyrinthine  origin,  or  due  to  chronic  inflammatory  changes  in  the  middle 
ear,  the  constant  current  is  the  one  mostly  employeil.  One  to  three 
milliamperes  are  sufficient  and  should  be  allowed  to  pass  from  6  to  10 
minutes.  Where  there  is  ankylosis  of  the  ossicles,  the  interrupted 
current  has  been  more  satisfactory  in  causes,  although  less  frequently 
employed  than  the  constant  current.  The  good  effects  are  to  be  found  in 
its  mechanica-1  action  on  the  lulhesions,  and  to  its  stimulating  action  on 
the  circulation,  and  also  upon  the  weakened  muscles  of  the  middle  ear. 
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'*  True  strictures  of  the  eiistaoliiau  tube  are  rare,  and  are  best  treated 
by  electrolysis.  The  galvauic  curi-ent  is  utilized  for  this  purpose.  A 
hard-rubber  or  silver  catheter,  properly  insulated  with  rubber  up  to  its 
point,  is  introduced,  and  a  small  gold  bougie  is  passed  through  the  cathe- 
ter and  up  to  the  point  of  constriction  in  the  tube  ;  the  bougie  is  the 
active  electrode.  It  is  to  be  attacheil  to  the  negative  pole  of  the  battery, 
the  current  turned  on  slowly,  and  3  to  G  uiillianipercss  are  to  be  alloweti 
to  pass.  After  0  or  8  minutes,  by  a  gentle  pressure  on  the  bougie,  it  will 
be  felt  to  pass  the  softened  strictiu*e.  The  ox)eration  is  a  little  painful, 
and  for  a  few  days  following  thei*e  will  l>e  an  inci'eased  amount  of  deaf- 
ness and  ringing  and  fulness  in  the  ejir.  On  the  third  day  usually  a 
celluloid  bougie  is  to  be  piissed  and  at  the  same  intervals  of  3  or  4  clays 
for  2  or  3  weeks.  The  dispensing  electrode  is  held  in  the  hand  in  pref- 
erence to  the  mastoid  legion,  or  over  the  neck,  where  there  will  bt^  less 
tendency  to  cerebral  irritation. 

'^C'Omplete  success,  by  electric^il  ti'eatment,  for  deafness  either  of 
tympanic  or  labyrinthine  origin,  is  of  rare  occurrence.  I  do  not  recall 
any  cusgh  that  I  have  treated  where  the  hearing  was  greatly  improved, 
except  those  naturally  resulting  from  the  diminution  of  the  subjective 
noises.  Hystericiil  deafness,  like  hysterical  aphonia,  is  best  treated  by 
the  fai'adic  current.  Pruritus  of  the  auricular  canal  is  often  benefited 
by  this  form  of  treatment.  In  neuralgic  ohilgia  the  interrupted  current 
is  very  effic^icions  when  applied  by  means  of  an  intni -auricular  electrode. 
The  incomplete  anivsthetic  eifect  of  cocaine  may  l>e  aided  by  the  action 
of  the  constant  cui-i-ent.  This  cataphoric  process  is  utilized  in  producing 
anaesthesia  of  the  tympanic;  meml)rane  and  (external  canal  for  slight  oper- 
ative procedures.  The  auricular  canal  is  tilled  with  a  10  per  cent,  solu- 
tion of  cocaine  and  a  mild  current  allowed  to  pass  for  5  to  10  minutes, 
when  aiuesthesia  ensues.  This  same  process  has  l)een  utilized  by  some 
with  various  (lru«^s  jus  a  means  of  curing  deafness,  but  I  have  had  no 
personal  experience  along  these  lines,  and  the  results  imblished  are  not 
encouraging.  The  positive  pole  should  1k»  in  contact  with  the  fluid,  and 
the  negative  i)ole  applied  over  the  neck.'- 

III.  Ophthalmology. 

Paralysis  of  tuk  Musclks  ok  thi:  Kvk. 

This  may  l>e  c(»rebral  or  peri])heral  in  character.  For  this  paralysis, 
galvanic  currents  are  ])referal)le.  When  the  condition  is  thought  to  be 
cerebral  in  origin,  galvanization  of  the  sympathetic  shoidd  l>e  resorted 
to.     Treatments  of  a  half -minute  duration  are  to  Ix^  employed. 

BlEI»HA  KOSPASM. 

(lalvanization  or  faradization  is  here  indicated,  for  thesiime  reason  that 
it  is  indicated  in  torticollis.     Ptosis  is  to  be  treated  in  a  similar  manner. 
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Catabact. 


The  Russian  observer  Crussel '  claimed  to  have  obtained  perfect  suc- 
cess in  cases  of  cataract  by  the  galvanic  current.  His  method  was  to 
introduce  a  needle  into  the  lens,  which  was  connected  with  the  negative 
X>ole,  while  the  positive  was  applied  to  the  tongue;  in  this  way,  the  cata- 
ract was  subjected  to  median ical  disintegration  by  the  needle,  to  the 
chemical  influence  of  the  negative  pole,  and  probably  also  to  the  macer- 
ating action  of  the  aqueous  humor  penetrating  the  lens,  through  the 
puncture  made  in  the  capsule  by  the  needle. 

Electrolysis  ix  Diseasp^?  of  the  Lacrymal  Canal. 

Lotine '  reports  a  number  of  cases  of  disease  of  the  lacrymal  pas- 
sages in  which  he  successfully  employed  electrolysis  applied  by  electro- 
lytic probes,  which  were  insulated  along  the  greater  part  of  their  length 
by  a  coating  of  the  same  material  as  that  used  to  cover  elastic  bougies. 
The  particular  portion  of  the  probes  so  insulated  could  thus  remain  in 
the  canaliculus  and  the  lacrymal  sac,  while  the  non-insulated  part  could 
occupy  the  lacrymal  duct.  The  technic  wius  as  follows  :  After  dilating 
the  canals  and  finding  the  stricture,  the  insulated  i)robe,  connected  with 
the  negative  pole,  is  introduce  into  the  strictured  i)ortion  of  the  lacry- 
mal duct.  Then  the  positive  pole,  wrapped  in  cotton,  moistened  in  salt 
solution,  is  held  in  the  patient's  hand  or  introducinl  into  the  correspond- 
ing cavity  of  the  nose.  .The  resistance  is  gnidually  decreased  for  half  a 
minute  until  the  current  measui^es  from  four  to  five  milliampei-es.  The 
probe  is  then  moved  along  the  strictured  portion,  and  the  electrolysis  is 
continued  for  about  five  minutes  as  a  rule.  The  size  of  the  probe  used 
at  first  should  correspond  to  that  of  the  ordinary  sound  which  just  passes 
the  stricture.     Later  the  size  of  the  electric  i)robe  may  be  increased. 

Ketinal  Anaesthesia  and  its  Treatment  by  Voltaic  xVlter natives. 

Dr.  L.Webster  Fox  ^  defines  retinal  anjesthesia  as  a  functional  disorder 
characterized  by  reduction  in  acuity  of  vision  and  marked  contraction 
of  the  visual  fields  (30°  to  55°  in  both  vertical  and  horizontal  meridians), 
unaccompanied  by  reversal  in  the  color  fields.  ♦  ♦  ♦  ♦  The  treat- 
ment recommended  is  the  daily  application  of  a  weak  current  of  1  or  2 
milliamx)eres,  the  session  being  of  ten  minutes'  dunition.  The  indiflFereiit 
electrode  is  applied  to  the  temple  or  nai)e  of  the  neck  ;  the  active  elec- 
trode is  applied  over  the  eye  or  eyes.  A  convenient  form  of  electi'ode  for 
this  puri)Ose  is  shown  in  Fig.  56.     Improvement  follows  within  a  few 

*  Evetzky  "  On  the  Nature  of  Cataract/'  New  York  Medical  Journal,  July,  1880. 

» Rousskv  Vratch,  Mav,  1904. 

'  Joamal  of  the  American  Medical  Association,  January  7, 1905. 
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days,  and  recovery  is  rapid.  Errors  of  refraction  should  be  noted,  but  not 
corrected  until  the  cessation  of  electrical  treatment.  Voltaic  alternatives 
are  defined  as  a  series  of  sudden  reversals  in  the  polarity  of  the  electrodes 
of  a  voltaic  battery,  so  as  to  produce  an  interrupted  alternating  current. 
The  reversals  used  were  at  intervals  of  two  seconds.     Twenty-eight  cases 


Fig.  56.— Adjustable  eye  electrode,  for  one  or  both  eyes.    Adjustable  to  any  pupillary  distance. 

were  treated  with  invariable  benefit,  the  only  return  ease  being  one  of 
progressing  myopia,  which  was  fitted  with  glasses  before  completion  of 
electrical  course.    The  author  asserts  **  eminent  success  in  numerous  other 
lesions  of  the  eye,  vitreous  opacities,  retinitis  pigmentosa,  chorio-retinitis, 
and  choroiditis,  treated  by  this  method." 

Miscellaneous  Ophthalmic  Affections. 

Dr.  W.  Franklin  Coleman^  details  an  extensive  experience  with  the 
use  of  electricity  in  ophthalmic  practice,  with  the  galvanic  and  sinusoidal 
currents. 

The  eases  selected  were  very  chronic  and  regarded  as  incurable  ;  and 
in  order  that  the  results  obtained  could  be  ascribed  to  the  current,  the 
diagnosis  had  been  confirmed  by  confreres  and  all  other  forms  of  treat- 
ment avoided. 

Prior  to  1890,  he  employed  the  galvanic  euirent  of  zinc-carbon  ele- 
ments, excited  by  a  solution  of  potassium  bichromate  ;  since  that  time, 
however,  he  has  used  the  Edison  street  current,  controlled  and  measured 
by  the  rheostat  and  meter  of  the  ordinary  wall  plate. 

The  alternating  or  sinusoidal  current  was  taken  from  a  transformer, 
he  using  30  to  35  measured  volts,  and  a  quantity  measured  at  5  milliam- 
peres.  With  a  force  of  30  volts  taken  from  the  direct  current,  and  the 
electrodes  j)laced  on  the  lids  and  nape  of  the  neck,  the  meter  registereil  5 
milliamperes,  hence  the  same  voltage  from  the  alternating  current  and 
the  same  resistance. 

lie  prefers  galvanism,  in  consecutive  optic  atrophy,  because  of  the 
existing  exndates;  while  in  primary  atrophy,  the  alternate  current  would 

'  Transact ionp  (»f  the  Section  on  Ophthalmology  of  the  American  Medical  Asso- 
ciation, Boston,  June  5-.S,  1906. 
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appear  more  stimulating  to  the  nerves.  This  can  be  shown  by  comparing 
a  thirty- volt  current  from  the  dynamo  with  a  thirty-volt  galvanic  cur- 
rent; the  former  is  not  unpleasant  and  causes  a  brilliant  mosaic  of  dark 
and  light,  while  the  latter  causes  no  phosphenes,  unless  the  current  is 
interrupted  and  the  burning  is  so  intense  that  it  cannot  be  endured  for 
more  than  half  a  minute. 

He  summarizes  his  cases  as  follows  : 

Optic  Atrophy. — Fourteen  patients,  23  eyes.  In  5  eyes  in  which 
vision  =  light,  40  per  cent,  were  improved, — one  to  seeing  hand  mover 
ments  and  one  to  20/67. 

In  18  eyes  in  which  vision  ^^  form,  64  per  cent,  were  improved. 
Four,  60  to  125  per  cent. ;  two,  300  per  cent. ;  three,  500  per  cent. ;  one, 
1500  per  cent, ;  two  from  seeing  fingers  to  reading.  In  six  there  was  no 
improvement. 

Vitreous  Opacities. — Seven  patients,  12  eyes.  In  5  eyes  vision  = 
light,  one  improved  to  counting  fingers  at  6  inches ;  one  was  imimproved. 
In  12  vision  =  form  ;  90  per  cent,  were  improved  j  seven,  40  improved  ; 
four,  20  to  100  per  cent. ;  six,  200  to  700  per  cent. 

Amblyopia. — Seven  patients,  10  eyes,  all  were  improved.  Four,  20  to 
100  per  cent. ;  six,  200  to  700  per  cent. 

Sequeke  of  Iritis. — Two  patients,  4  eyes.  All  were  improved;  one 
from  light  perception  to  20/70  ;  one,  100  per  cent.  ;  two,  200  per  cent. 

Intra- Ocular  Hemorrhage. — One  eye,  vision  improved  from  light  to 
20/20. 

Retinitis Pigvientom. — One  patient.  One  eye  improved  100  per  cent.; 
one  eye  was  not  improved. 

Betifial  Thrombosis. — One  eye,  vision  was  improved  from  fingers  at 
14'  to  6/15  and  0.5  at  12  inches. 

Sequeke  Central  Retinitis. — One  patient,  two  eyes,  no  improvement. 

Asthenopia. — Three  eyes.     Recovered. 

Xanthelasma. — Two  patients.     Recovered. 

Paresis  of  Ocular  Muscles. — Two  patients.  One  recovered  and  one 
was  much  improved. 

Alopecia  of  Lids. — One  patient.     Improved. 

Nictitation. — One  patient.     Recovered. 

Pterygium. — One  eye.     No  improvement. 

Thus,  contrary  to  the  contention  of  the  erudite  and  lamente<l  Noyes, 
and  **most  oculists"  T Burnett),  electricity  does  seem  to  justify  its  claim 
to  usefulness  in  ophthalmic  practice. 


CHAPTER  X 

HrGH-FREQUEXCY  CURRENTS. 

A  cx)MPREHENSiyE  study  of  liigh-freqiieucy  currents,  the  phenomena 
connected  with  them,  and  their  remarkable  modes  of  application,  has  not 
as  yet  been  tlioroughly  mastered.  Literature  upon  the  subject  is  rapidly 
increasing,  but  it  is  a  perplexing  matter,  in  the  present  state  of  our 
knowledge,  to  discriminate  between  the  good  and  the  faulty.  In  present- 
ing the  appended  chapter  on  high-frequency  currents,  no  attempt  at 
originality  has  been  made  ;  on  the  contrary,  difficulty  was  encountered  in 
selecting  authoritative  statements  bearing  on  the  subject.* 

I.  Historical  Introduction. 

The  employment  of  high-frequency  currents  for  the  cure  of  dise>a8e 
was  introduced  to  the  profession  by  D' Arson val.  In  1842  Professor 
Joseph  Henry  asserted  that  the  discharge  from  a  Leyden  jar  was  oscillatory 
in  nature.  Later  Lord  Kelvin,  Helmholtz,  and  others  confirmed  the  view 
advanced  by  Henry. 

In  1881  W.  J.  Morton,  of  New  York,  published  in  the  Medical  Record 
an  article  entitled  *'A  New  Induction  Current  in  Medicjil  Electricity.'' 

In  1886  and  1887  Hertz  and  Lodge  gave  to  the  world  a  study,  new  in 
conception  and  reasoning,  that  dealt  with  experimentation  on  electric 
waves. 

In  1879  Ward  asserted  that  sparks  generated  by  an  induction  coil 
operated  by  a  very  rapid  rotary  interrupter  were  capable  of  giving  8000 
interruptions  per  second. 

In  1890  D' Ai-sonval  showed  that  beyond  5000  excitations  per  second, 
the  muscular  contractions  diminish  in  proportion  to  the  increase  in  the 
number  of  alternations.  To  supi)ort  this  assertion,  he  had  made  an  alter- 
nater  capable  of  giving  10,000  alternations  per  second,  and  in  April,  1891, 
he  indisputably  demonstrated  that  a  current  of  high  frequency  and 
potential  could  be  made  to  traverse  the  human  body  ;  increasing  the  oxi- 
dation consequent  upon  respiration,  diminishing  the  excitability  of  the 
tissues,  and  lowering  arterial  tension. 

In  1893  Oudin  devised  the  **  resonator  ;"  but  it  was  Tesla  who,  in 
1891,  aroused  greatest  enthusiasm  by  the  emplojTiient  of  alternatei's  with 

*  Although  of  late  I  have  largely  employed  currents  of  high  frequency,  I  have  not 
hesitated  to  avail  myself  of  the  excellent  work  on  **  High-Freciuency  Currents  in  the 
Treatment  of  Some  Diseases,"  by  Chisholm  Williams,  published  by  the  Rebman  Com- 
pany, New  York. 
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a  mnltiplicity  of  jrales,  and,  by  the  intro(ln<-tinu  of  tmusformers,  he  was 
enabled  to  increase  the  potential  to  an  almost  incredihie  number  of  volts, 
making  possible  the  assertion  and  proof  that  hif>;h-fivquenry  and  high- 
potential  currents  could  be  made  to  pass  thi-otiKh  the  human  l>ody,  with 
snfBeient  energy  to  light  up  several  incandescent  lamps,  without  the 
slightest  danger  t«  the  person  through  whom  tlie  curi-eiits  were  passing. 

II.  Principles  and  Apparatus. 

The  nature  of  a  dis<rharge  is  dependent  upon  the  charaoter  of  the 
elect ro-iuotive  force  producing  it,  and  likewise  upon  the  manner  of  dia- 
ehargiug  it.  Thus,  when  a  ball  prime  conductor  of  a  static  luachiue  ia 
made  to  discharge,  the  discharge  occurs  in  a  disruptive  manner,  consist- 
ing of  a  series  of  discharges  between  the  ball  and  the  object  at  which 
it  discharges.     When  a  condenser,  us  a  prime  ball  conductor,  charged 


Fio.  67.— OscillMurr  naluru  ol  tUe  Leydcn  Jar  discharge. 


with  a  very  high  potential,  is  discharged  into  a  conductor  having  a  cer- 
tain self  induction  and  a  slight  resistance,  there  result  extremely  rapid 
isochronous  oscillations,  constituting  the  so-called  htgh-fi-wiuency  cur- 
rents. Hertz  showed  the  frequency  of  these  oscillations  to  l)e  hun- 
dreds of  millions  per  second.  The  alterujitions  of  a  Ruhmkorff  coil 
are  about  200  per  second,  with  an  electro -motive  force  of  from  ten  to 
two  hnndred  thousand  volts,  while  the  alternations  of  the  high-ft-equency 
currenta  are  from  100,000  to  1,000,000  volts,  depending  ujion  the  mciins 
employed. 

The  current  is  obtained  from  the  main,  bichi-omate  l>atterii«  or  from 
an  accumulator.  A  Ruhmkorff  coil  is  it^^iuiretl  to  transform  the  current 
to  one  of  high  tension.  The  interrupter  employed  may  be  tlie  motor- 
mercury  interrnpter,  or  the  Wehnelt  or  tnrbine  bresik.  The  alternating 
cnrrent  generated  by  the  coil  must  lie  transformeil  by  the  condeum^r  into 
a  high-fre(inency  current.  The  cjindenser  consists  of  two  Franklin  plat*^^ 
enclosed  in  a  flat  box,  ^hose  exterior  exhibits  the  small  solenoid  and  the 
spark-gap  with  connecting  screws.  Another  construction  is  wheiv  two 
Leyden  jars  are  placed  behind  the  S]mrk-gap,  and  under  a  bell  jar  to 
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dampen  the  sound.  Two  condactors  arising  from  the  outer  tin-foils 
of  the  Leyden  jars  end  in  two  terminals,  between  which  a  third  is  inter- 
posed. As  is  well  known,  the  vibrations  from  a  Leyden  jar  are  oscilla- 
tory in  nature  (Fig.  57).  AVTiere  general  D' Arsonvalization  is  required, 
the  large  and  small  solenoid  are  joined  to  this  terminal. 

The  following  are  the  principal  and  most  widely  used  varieties  of 
high-frequency  current  apparatus : 

Morton's -v 

D^^rsonval's  . .  >  high-frequency  apparatus. 
Tesla's » 

Oudin's .;  resonator  and 

^  Its  varieties. 

Morton's  *^ Static  Lvduced  Current-'  High-Frequency  Apparati's. 

The  modm  operandi  of  Morton's*  apparatus  is  as  follows :  The  patient 
is  directly  in  circuit  with  the  outside  coatings  of  two  Leyden  jar  con- 
densers in  series  (Fig.  58).     The  spark-gap  and  machine  are  in  multi]>le 


oo 


Fio.  58.— Morton's  ".static-induced  current"  high-frequency  ftpparatus.* 

with  each  other.  With  the  patient  iuchided  in  circuit  in  the  manner 
shown  in  the  diagram  we  do  not  know  the  value  of  the  inductance  and 
resistance  olfered  by  him.  The  arrangement  of  two  condensers  of  small 
capacity  is  conducive  to  the  production  of  oscillatory  currents  of  rela- 
tively high  fi'e<[UciH*y,  and  such  curn.»nts  will  Ije  produced  if  the  patient 
oficis  II  sufficiently  low  resistance  and  inducftance.' 

M(»urnal  of  A<lvam-e(l  Tlierapentict!,  January,  UK)3. 

-  For  a  (ietailtMl  aorount  set*  articles  by  Dr.  \V,  J.  Morton  in  The  Metlical  Record, 
pp.  :Ui5-371,  395-898,488-440,  April  2, 9,  and  16,  1881  ;  and  pp.  97-104,  January  24, 1891. 
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D'Absonval  High-Frequency  Apparatus. 

In  the  D'Arsoiival  apparatus*  (Fig.  59)  the  terminals  of  the  second- 
ary of  an  induction  coil  are  i-e8i>ectively  connected  with  one  terminal  of 
each  of  two  condeiisers.     A  spark-gap  is  placed  across  the  secondary 

I    INDUCTION  COIL     . 


Fig.  59.— D'Arsonval  high-frequency  apparatus. 

circuit.  The  other  two  terminals  of  the  condensers  are  connected  with 
the  ends  of  a  short  coil  of  a  few  turns  of  thick  copper  wire.  One  elec- 
trode is  connected  with  one  end  of  the  shoit  coil  and  the  other  electrode 
is  adapted  by  a  sliding  contact  to  include  in  circuit  with  the  patient  any 
desired  length  of  the  short  coil,  and  thus  regulate  the  effect  produce! 
upon  him.    A  straight  rod,  or  tube,  of  cox)per  may  be  substituted  for  the 

*In  Comptes-rendus,  vol.  cxvi.,  1893,  pp.  ()30-()33,  D'Arsonval  (qiiotcnl  in  the 
Second  Report  of  the  Committee  on  Current  Clai^ifi cation  and  Nomenclature,  and 
read  before  the  American  Electro-Therai>eutic  Association,  September  24,  1903)  stated 
in  substance  (a)  that  he  had  n^mmunicated  to  the  Societe  de  Biologie,  February  24  and 
25,  1891,  the  "astonishing  fact"  that  when  the  frequency  of  a  current  was  very  c^reat 
excitation  of  the  nerves  and  muscles  was  not  produce<l ;  (h)  that  the  sparking  distance 
— and  therefore  potential  difference — between  conductors  connected  with  the  ends  of 
the  short,  thick  wire  coil  was  greater  than  at  the  spark-gap  across  the  secondary  ter- 
minals of  the  induction  coil ;  (r)  that  a  very  strong  oscillating,  high-frei]uency  current 
was  produced,  sufficient  to  raise  a  one-ampere  incandescent  lamp  to  a  white  heat  when 
in  series  with  two  persons  completing  the  branch  circuit  between  the  terminal  of  the 
thick  wire  coil ;  {d)  and  that  he  had  }>een  able  to  generate  in  a  })ranch  circuit,  includ- 
ing his  own  hotly,  a  current  of  more  than  three  amperes  without  any  other  effect  than  a 
eensation  of  heat  in  the  hands. 
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short  coil  to  increase  the  frequency  of  the  current,  by  diminishing  the 
inductance.  A  static  generator  may  be  substituted  for  the  induction  coil. 
Currents  of  excecilingly  high  frequency  are  produced  by  the  D' Arsonval 
apparatus.  AVlien  currents  of  much  higher  potential  are  desired  they  can 
be  obtained  from  a  fine  win*  coil  of  relatively  many  turns,  inclosed  in  a 
glass  tube  filleil  with  petroleum,  and  inserted  in  the  thick  wire  coil. 

That  the  frcniuency  must  be  exceedingly  high  is  proved  by  an  exi)eri- 
ment  nmde  by  Dr.  Sheldon.  In  place  of  the  induction  coil  for  producing 
the  spark  at  the  gap,  he  employed  a  Holtz  machine. 

Terla's  High-Frequency  Apparatus. 

This  is  described  by  its  author  as  follows  :  ^'  The  writer's  experiences 
tend  to  show  that  the  higher  the  frequency  the  greater  the  amount  of 


Fig.  60.— The  Tesla  transformer. 


electrical!  energy  which  may  be  i)assed  through  the  body  without  serious 
discomfort .  *  *  *  *  By  taking  the  globe  of  a  lamp  in  the  hand, 
and  by  bringing  the  metallic  terminals  near  to  or  in  contact  with  a  con- 
ductor connected  to  the  coil  [that  is  to  say,  connected  to  one  terminal  of 
the  secondary  of  an  induction  coil  whose  i)rimary  is  energized  by  an 
alternating  curnMit  of  very  high  frequency],  the  carbon  is  brought  to 


FiQ.  61.— Diflgram  of  Uie  Oudin  irwinalor.  The  Te*lB  roll  is  ■ 
lacUon  ooll  ta  cODntcted  with  the  Inner  lin-loU  o(  the  Ltyden  jtn 
iaittla  OTnneMloQ  vrllh  the  rMOPiBliw,  uniJ  Is  alio  grounded.  The  oi 
It  rannccted  U>  tlie  handle,  H,  which.  Ly  ■  illdiiig  inovcuieiit  cither 
dlr«cli<ni.  decreue*  or  incniaaa  Iliu  amount  of  wln4ii\K  of  (hi 
Utlng  the  amount  of  current. 

Pio.ea.— TheOudfn  resonator  and  Tolacoil.  with  eleetrode.    (Blddk.) 


other  Leyd  en  jar 
Bpark-e»p  lor  regti- 


chan^ng  (roia  one  eltctrorte  In  Bnciiliur.  The  hnril-nibbi'r  hanrtti-  Is  loiule  vtry  long  and  prOTtdMl 
with  ■  uiilTeitAl  iwcktt  iu  whIcU  uiy  nf  ttte  elecundea  miy  Ix'  l>«U:iii.-d  or  luaeeucd  by  meiely  movtac 
Ihc  riae  upuu  Ibo  bIvcto  whicU  holdi  Uie  slum  ol  Iho  etetHredis. 
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bright  incandescence  and  the  glass  is  rapidly  heated.  With  a  100-volt 
10  c.  J),  lamp,  one  may  without  great  discomfort  stand  as  much  current 
as  will  bring  the  lamp  to  a  considerable  brilliancy  ;  but  it  can  be  held  in 
the  hand  only  for  a  few  minutes,  as  the  glass  is  heated  in  an  incredibly 
short  time."* 

In  Tesla's  apparatus  (Fig.  60)  the  inner  tin- foils  of  the  Leyden  jars 
are  positively  and  negatively  charged  from  the  secondary  terminals  of  the 
Euhmkorff  coil.  The  outer  foils  are  in  connection  through  the  primary 
winding  of  Tesla's  transformer,  as  is  shown  in  the  illiLstration,  and  through 
the  spark-gap.  These  high-frequency  alternating  currents  induce  alter- 
nating currents  in  the  secondary  coil,  combining  high  frequency  with 
high  tension. 

The  Oudin  Eesonator.     (Figs.  61,  62.) 

Although  Hertz  had  previously  employed  the  phenomenon  of  reso- 
nance in  his  experiments,  it  is  to  Dr.  Oudin  that  the  resonator  owes 
its  introduction  into  electro- therapeutics.  The  apparatus  consists  of  a 
large  solenoid  of  uninsulated  copi)er  wire  of  medium  thickness,  wound 
spirally  about  a  vertical  cylinder  of  well  paraffined  wood.  The  length 
of  the  wire  employed  varies  from  45  to  60  meters,  and  its  diameter  from 
2.5  to  3  millimeters. 

It  makes  60  or  more  turns  about  a  wooden  cylinder,  40  to  60  cm.  in 
height  and  30  cm.  in  diameter;  while  the  distance  between  the  spirals  is 
about  8  millimeters. 

Glass  Vacuum  Electrodes.     (Figs.  63,  64.) 

These  consists  of  glass  tubes  of  various  shapes  and  sizes,  which  offer 
a  barrier  for  retarding  the  entrance  of  high-frequency  currents  to  the 
part  being  treated.  Teshi's  electrodes  have  as  a  resisting  medium  the 
rarefied  air  contained  within  them.  Those  of  Dean  are  made  up  of  a 
series  of  pieces  of  thick,  hollow  glass,  in  which  there  is  a  very  high 
vacuum.  The  glass  is  sufficiently  thick  to  prevent  sparking,  thus  pre- 
serving the  integrity  of  the  vacuum.  If  the  finger  be  approached  to  one 
of  these  glass  electrodes  when  connected  to  the  apparatus,  a  violet  brush 
discharge  will  be  observed  between  the  glass  and  the  finger.  This  dis- 
charge is  produced  at  the  outer  side  of  the  tube  by  induction.  The  bet- 
ter the  contact  between  the  glass  and  the  skin,  the  less  will  be  the  amount 
of  brush  discharge  and  of  heat  produced.    The  glass  tube  electrode  with 

*  Transactionp,  American  Institute  Electrical  Engineers,  vol.  viii.  pp.  267-319, 
New  York,  May  20,  1891 ;  and  Journal,  Institution,  Electrical  Engineers,  vol.  xxi. 
pp.  51-163,  London,  February  3, 1892  ;  article  on  Phenomena  of  Alternating  Currents 
of  Very  High  Frequency,  published  in  the  Electrical  World,  vol.  xvii.  pp.  128-130, 
New  York,  February  21,  1891. 
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paitial  vacuum   becomes   laoiinoiis  from   the  discliarge  of  the  current 
through  this  vncnum,  wtiich  iu-ta  as  a  conduetur ;  the  lumiiiositv  of  the 


^"^"^ 


gas  is  due  to  its  iucandesceiice  aud  teuds  to  heat  the  glass  wall  of  the  tube, 
and  these  tubes  occasionally  crack  fi'um  this  canse. 

Cataphokibis  Electrode. 

The  cataphoresis  electn>de  made  by  K.  Schall  is  most  useful  for 
applications  to  large  areas,  such  as  the  aMomen,  chest,  and  back.  It  has 
a  diameter  of  8  inches,  and  consists  of  an  aluminium  disk  over  nliich  is 
stretched  a  sheet  of  parchmenti. 

Dr.  William  J.  Morton,  of  New  York,  long  ago  found  a  deficiency 
in  vacuum  tubes  for  phoric  action,  for  high- frequency  currents.  He 
remarks :  "A  deficiency  of  all  such  electrodes  is  that  the  bulk  of  the 
current  i>!isses  at  the  ]>erii)liery  of  the  flat  disk.  To  obviate  this  I  have 
elongated  the  entering  metallic  conductor  t»>  Hie  region  of  the  flat  .sin- 
fa^  and  have  made  it  a  sharj)  point. 

"  Again,  if  desired,  7  uttiicb  a  thin  metallic  plate  of  tin-foil  or  other 
metal  ui>on  the  outer  side  of  th<;  glass  upon  its  dat  side.     The  diameter 


of  this  jilate  is  considerably  less  than  the  diameter  of  the  circular  and 
flat  surfjice  of  the  electrode  (Fig.  65), 

";Va  now  arranged  the  current's  action  is  concent r.iti-d  to  this  flat 
surface  of  the  electrode  and  tlio  c^itaphoric  action  is  corresirondingly 
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enhanced.  But  the  tin-foil  adds  to  the  pain  of  the  application,  and  I 
prefer  to  use  the  sharp-pointed  electrode  without  the  tin-foil  condenser." 

Other  varieties  of  electrodes  are  the  condenser  ( vide  Fig.  61,  C  E, 
supra)  and  the  brush  or  eflluve. 

An  effluver  or  electrode  for  applying  high-frequency  currents  con- 
sists of  a  piece  of  metal,  generally  cylindrical  in  form,  having  on  its 
upper  surface  a  series  of  tine  points,  from  which  the  discharge  jumps  to 
the  patient.  The  character  of  the  effluve  may  he  modified  by  the  type 
of  effluver  used:  the  giH?ater  the  numlxir  of  points,  the  more  thinned  will 
be  the  effluve  (vule  Fig.  67,  infva). 

III.  Physical  Properties. 

A.  iNDUcmoN  Effects. 

B.  Electro-static?  Effects. 

C.  Dynamic  Effects. 

D.  Eesonance  Effects. 

A.  Induction  Effects. 

Induction  effects  are  most  intense  in  their  action,  as  the  apparatus 
giving  rise  to  them  is  of  a  potent  nature.  Induction  is  the  eftect  of  an 
electro-magnetic  flux  on  a  neighboring  body  susceptible  of  an  induced 
magnetic  saturation,  the  intensity  of  the  electro-motive  force  being  pro- 
portional to  that  of  the  rate  of  variation  of  the  magnetic  changes  or 
multiplied  by  the  frequency.  Therefoi-e,  upon  the  human  body,  one 
may  bring  about  a  high  frequency  and  a  low  tension  equal  to  that  of  a 
high  tension,  and  low  freiiuency  on  the  Siime  or  equivalent  mass. 

B.  Electrostatic  PROPERTy^:s. 

Most  high-frequency  apparatus  is  so  constructed  as  to  permit  of  the 
production  of  physical  phenomena  analogous  to  the  modern  static 
machine.  For,  if  we  connect  the  two  ends  of  the  short  solenoid  to  two 
plates  of  insulated  metal  which  are  sei^arated  from  ejich  other,  a  power- 
ful electro-static  field  will  be  created ;  which  can  he  demonsti-ated  by 
bringing  a  Geissler  tube  between  them,  when  a  glow  will  be  manifested, 
as  though  attiiched  to  the  terminals  of  an  induction  coil.  If  a  similar 
plate  of  glass,  covered  on  either  side  with  tin-foil,  be  interposed,  and 
each  side  have  attached  to  it  a  wire  to  which  an  electric  lamp  is  fixed, 
it  will  be  seen  that  the  filament  will  glow  ;  pn)ving  the  presence  of 
electrical  waves  proceeding  from  an  electro-static  field. 

C.  Dynamic  Propertif>4. 

This  is  proved  by  the  ejise  with  which  these  currents  circulate  in  an 
open  circuit.  Imagine  a  conductor  connected  to  a  high-frequency  appa- 
ratus by  the  two  poles,  and  in  the  middl<*  of  this  conductor  a  piece  of  fine 
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wire  of  high  resistauoe  be  interposed  ;  circulate  the  currents  and  the  wire 
will  glow  and  perhaps  fuse.  If  sealing-wax  is  employed  to  couple  the 
wires,  the  current  will  jump  from  each  wire,  producing  sufficient  heat  to 
fuse  the  wax. 

D.  Resonance. 

A  resonator  is  an  accessory  to  the  apparatus,  whose  purpose  is  to 
augment  the  tension  of  the  current  and  to  create  in  the  vicinity  a  more 
X)owerful  electro-static  field.  When  two  bodies  vibrate  in  unison  they  are 
said  to  be  syntonous.  The  Hertz  resonator  is  one  of  low  resistance  and 
capable  of  giving  very  rapid  oscillations,  it  is  likewise  of  small  capacity 
and  self-induction.  It  consists  of  an  induced  current  formed  by  a  length 
of  copper  wire  so  bent  as  to  form  nearly  a  circle,  but  having  two  balls  at 
the  extremities  where  they  are  brought  near  one  another. 

This  resonator  is  brought  into  the  field  of  another  vibrator  and  tuned 
in  syntony  with  the  latter ;  as  soon  as  the  resonator  is  put  in  action, 
Hertz's  resonator  will  emit  sparks  from  the  two  balls.  All  the  other 
resonators  are  founded  on  the  above  principle. 

IV.  Methods  of  Application. 

There  are  four  chief  methods  of  applying  high  frequency  currents, 
as  distinguished  by  D' Arson  val : 

1.  Direct  application  or  by  derivation. 

2.  Indirect  application  or  auto-conduction  by  the  solenoid. 

3.  Auto-condensation  (Apostoli). 

4.  By  local  application. 

1.  Direct  Application. 

Connect  the  patient  by  two  large  handles  to  the  ends  of  the  small 
solenoid.  The  currents  will  pass  through  him  by  derivation  ;  for  by 
virtue  of  the  phenomenon  of  self-induction,  the  solenoid  offers  a  great 
resistancre,  which  can  be  proved  by  interposing  an  incandescent  lamp  in 
the  circuit,  when  it  will  glow.  If  the  connection  between  the  patient's 
skin  and  the  handles  be  defective,  small  sparks  will  be  observed  to  pjuss. 
To  incre^ise  the  arcii  of  peuetnition,  connect  some  part  or  member  of  the 
patient  to  one  end  of  the  small  solenoid,  and  the  other  end  to  a  metallic 
plate  in  the  water  of  the  bath,  near,  but  not  in  contact  with  the  skin. 
If  the  contact  l)e  imperfect,  small  ulcers  may  result.  With  powerful 
installations,  when  the  handles  are  used  after  prolonged  electrification, 
and  with  500  or  more  niilliamperes,  heat  and  tingling  may  be  experienced 
in  the  hands  and  arms.  The  above  methods  are  termed  stabile  or 
bi -polar. 


HIGH-FREQUE]!^CY  CURRENTS.  147 

In  the  labile  method,  a  fixed  electrode  connects  the  patient  to  the 
solenoid.  The  other  end  is  manipulated  by  the  physician,  who,  with  an 
insulated  handle,  is  enabled  to  apply  its  electrode  end  to  the  desired  part. 
In  approaching  the  skin  with  the  insulated  electrode,  sparks  appear,  and 
the  momentary  contact  produces  an  erythematous  flush. 

The  s^nces  should  be  brief.  In  systemic  afifections  begin  with  a 
few  minutes'  direct  auto-condensation  or  auto-conduction  every  day. 
Note  any  subjective  symptoms.  If  the  dosage  has  been  in  excess,  the 
patient  experiences  a  feeling  of  fatigue.  The  D' Arson val  milliampere- 
meter  should  be  employed,  the  range  of  which  should  extend  to  700 
milliamperes. 

In  the  local  treatment  we  observe  that  a  reaction  is  produced  at  the 
time  and  continues  for  some  hours  thereafter.  Thus,  in  a  patch  of  lupus 
vulgaris,  a  glass  electrode  of  low  resistance  connected  to  the  free  end  of  the 
resonator  and  placed  in  actual  contact  with  the  patient  would  be  used, 
and  by  a  judicious  choice  of  the  number  of  spirals  called  into  play,  the 
discharge  is  reduced  to  almost  nil.  After  an  application  lasting  five 
minutes,  the  part  feels  hot  and  looks  inflamed.  The  warmth  increases 
until  the  sixth  hour,  but  by  the  following  morning  has  entirely  dis- 
appeared. The  inflammation,  however,  has  persisted.  After  a  few 
sauces  the  patch  dries  up  and  scales,  but  the  pigmentation  remains. 

The  treatment  may  be  applied  once  or  twice  daily  for  two  weeks, 
then  once  daily,  or  every  other  day,  for  the  same  period,  reducing  the 
number  of  applications  week  by  week. 

An  acute  pain,  produced  by  disease,  will  be  augmented  at  the  com- 
mencement of  energetic  treatment.  Defective  contacts  between  the 
patient  and  the  apparatus,  or  in  the  apparatus  itself,  may  cause 
ynpleasant  sensations  or  shocks. 

2.  Auto-conduction  by  the  Solenoid. 

By  this  method  (Fig.  66)  the  patient  is  not  in  actual  contact  with  the 
solenoid;  his  body  becomes  saturated  in  the  field  of  the  current, — i.  e.j 
sparks  may  be  drawn  from  him.  If  a  lamp  of  20  volts  be  used  to  close 
the  circuit  of  a  single  coil  of  thick  wire,  it  illuminates  with  a  bright  light 
at  a  distance  of  more  than  three  feet. 

Place  the  patient  in  a  large  solenoid,  and  have  him  join  his  arms  so 
as  to  form  a  circuit,  which  is  completed  by  an  incandescent  lamp,  the 
terminals  of  which  communicate  with  the  hand.  The  lamp  is  lighted 
with  the  induced  current  in  the  circuit  thus  formed.  Any  conducting 
body  placed  in  this  field  becomes  influenced  with  induced  currents,  and 
if  a  single  copi)er  wire  of  one  turn  is  introdue^l,  the  induction  produced 
in  the  latter  will  be  sufficient  to  light  up  two  lamps  of  110  volts  mounted 
in  series. 
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3.    AUTO-CONDEXSATION. 

In  this  method  the  patieut  is  attjiched  to  the  solenoid  in  the  nsnal 
way,  bnt  the  other  end  is  attached  to  a  large  metallic  plate,  bi-ought  near 
the  patient,  bnt  insnlateil  from  contiK»t  with  liim.  Thns  the  metal 
plate  and  the  body  of  the  patient  form  the  armatni^es  or  coatings  of  a 
condenser  arrangement,  having  a  large  electrical  capacity,  which  is 
charged  and  discharge<l  as  the  potentials  at  tlie  extremities  of  the  solt^ 
noid  vary.  The  patient  lies  npon  the  insnlating  cnshions  of  the  c*ouch, 
the  cnrrent  passing  to  him  either  by  a  handle  of  bare  metal  held  in  the 
hand,  or  by  an  electrode  applied  to  the  desired  part. 

4.  LocAi.  Applications. 

These  are  espwially  applicable  in  the  form  of  brnsh  discharges 
(Fig.  67).  Potentials  jus  high  as  possible  are  required  for  these  discharges. 
This  may  he  accomplished  by  employing  a  siH'ondary  coil,  which  is  oil 
immersed,  or  air  insulated.  In  1892  Oudin  devistnl  his  i-esonator,  made 
of  an  open  solenoi<l  of  wire,  which  could  be  connected  as  an  extension  of 
one  end  of  the  solenoid  of  a  high-frequency  apparatus,  and  served,  when 
carefully  adjusted,  to  raise  the  potential  to  such  an  extent  that  a  long 
brush  discharge  could  be  obtained  from  its  free  extremity. 

V.  Physiological  Properties. 

Current^s  of  high  frequency  and  high  i)otential  produce  no  action  on 
sensory  or  motor  nerves.  When  a  i)ei*son  or  a  number  of  pei'sons  are 
pla<*ed  in  the  external  circuit,  and  there  are  interposed  inc^uulescent 
lami)S  of  125  volts,  one  ampei*e,  the  filaments  will  light  up,  without  pro- 
ducing sensjitions  in  the  pei-sons  in  the  circuit.  With  more  intense  cur- 
rents, only  a  slight  sensation  of  heat  will  be  perceived  at  the  point  of 
entrance  and  exit. 

H.  Lewis  Jones  controverts  the  jussertion,  maintaining  that  if  the 
current  in  each  lamp  had  been  three  aniperes,  it  would  ceilainly  have 
destroyed  lif(%  whether  the  direct  or  the  alternating  cnri-ent  had  btHMi 
employed. 

It  has  IxH^n  arguc^l  that  the  incandc^scence  occiusioned  in  the  lamp 
is  caus(Hl  by  the*  increased  resistance  in  the  filament  of  the  lamp,  due  to 
the  very  high  fnMinencies,  and  that  a  smaller  current  at  a  proportionately 
high  voltage  will  make*  it  glow. 

Another  theory  advanced  to  acc(mnt  for  this  pheuimienon,  is  that  the 
rushes  of  current  an*  vtTV  considerable  while  they  last,  but  their  dura- 
tion is  so  very  bri(*f,  that  the  total  current  passing  in  a  given  time  is  rela- 
tively small.  Others  maintain  that  a  moU^cular  Ix^mbardment,  rather 
than  an  electric  current,  is  really  the  energy  dissipated.     D'Arsonval 
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affirms  that  currents  of  ten  times  less  intensity  would  be  extremely  dan- 
gerous if  the  frequency  were  decreased  from  500,000  to  1,000,000  per 
tsecond,  to  100.  Tesla  inclines  to  the  belief  that  the  harmlessness  of  these 
currents  is  due  to  their  lack  of  j)enet  ration  of  the  body  at  the  point  of 
contact  of  the  electrodes,  but  that  the  curi'ent  traverses  the  subject  in  a 
path  perpendicular  to  the  skin  and  equally  over  the  entire  surface. 
D'Arsonval  dei*lares  that  motor  and  sensory  nerves  are  so  constituted  as 
to  respond  to  vibrations  of  a  certain  fre<j[uency,  studying  the  phenomenon 
of  neuro- muscular  excitement  when  one  increast*s  the  number  of  electrical 
vibrations  indefinitely.  He  luus  demonstrated  that  the  waves  (each  of 
which  produces  a  muscular  shock  if  sufficiently  distanced)  no  longer 
prodnce  the  ssime  effe<!t  if  there  is  an  augmentiition  of  their  numter  in 
certain  limits  per  se<*ond.  Gradually  there  is  a  fusion  of  the  contrac- 
tions, wWch  ultimately  results  in  a  tetanized  condition.  In  order  to 
arrive  at  this  condition,  twenty  to  thirty  excitiitions  per  second  are 
required.  The  muscle  being  tetanized,  if  the  number  of  waves  be 
increased,  the  phenomenon  of  neuro- muscular  excitement  is  increased 
equally  till  a  maximum  is  reached,  which  corresponds  to  2500  or  6000 
vibrations  per  second.  From  this  moment  the  excitation  decreases  as  the 
number  of  vibrations  i)er  second  increase. 

D'Arsonval  regards  these  currents  as  inhibitoiy  in  nature,  because 
of  the  local  amesthesia  occurring  at  the  point  of  enti^ance  of  the  current, 
which  lasts  from  one  to  twenty  minutes  ;  and  also  that  the  excitability  of 
the  body  to  other  stimulation  is  decreased  under  the  influence  of  these 
currents.  He  has  likewise  observed  a  fall  of  arterial  tension  in  the  dog, 
and  lastly,  that  the  sensibility  of  the  skin  to  galvanism  and  faradism  is 
materially  decreased  after  the  pjissage  of  high-freciuency  currents,  although 
a  greater  strength  of  the  former  currents  can  be  tolerated,  than  before 
electrification. 

VI.  Applications  in  Various  Diseases. 

Tuberculosis. 

Mr.  Chisholm  Williams*  ailvocutes  the  employment  of  high-fre- 
quency currents  in  phthisis.  In  a  series  of  forty-three  cases,  he  found 
that  by  the  use  of  thes<*  currents  there  was  a  marked  improvement  in 
weight,  api)etite,  and  digestive  power.  For  a  time  the  temperature 
became  elevated,  and  the  tul)ercle  bju'illi  in  the  sputum  incretused  in 
numbers.  Later  the  temperature  dropped  to  normal,  the  bacilli 
decreased,  and  the  patient's  general  condition  was  materially  improved. 
In  11M).3  thirty-nine  of  the  forty-three  patients  were  alive,  and  in  one 
instance  the  <lis<^ase  ai)peai-ed  entirely  arrested.     Dr.    H.   E.   Gamlen* 

»  British  Medical  Journal,  October  12,  1901,  and  October  24, 1903. 
»  Archives  of  the  Rontgen  Ray,  January,  190(5. 
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likewise  reports  excellent  resalts,  by  the  use  of  high-frequency  currents 
in  tuberculosis.  Dr.  Alfred  Gross*  remarks :  ''By  the  method  described 
I  have  treated  in  the  past  two  years  a  little  over  two  hundred  ciises,  but 
on  account  of  failure  to  keep  my  records  accurately  previous  to  June  1, 
1905,  I  report  my  cases  from  that  time,  and  will  merely  state  in  regard 
to  the  previous  cases  that  I  had  forty-four  cases  out  of  eighty  iH3Cover 
within  a  period  of  six  months.  Since  June  1  I  have  one  hundred  and 
seventeen  cases  recorded,  with  thirty-eight  absolute  recoveries  so  far  as 
after  repeated  examinations  no  tubercle  bacilli  showed  in  the  sputum. 
They  regained  their  weight  and  ran  a  normal  temperatui'e.  They  have 
since  been  living  in  various  sections  of  the  country  and  still  remain  well, 
performing  their  usual  avocations.'' 

Gout. 

In  this  disease  high-frequency  currents  alone,  or  in  combination  with 
other  forms  of  electricity,  have  been  employed.  When  used  alone,  auto- 
condensation  and  auto-conduction  have  been  chiefly  employed.  These 
currents  must  not  be  applied  during  an  acute  paroxysm.  Low  intensity 
and  brief  duration  of  stances  should  first  be  used,  and  they  should  be 
progressively  increased.  The  treatment  should  be  continuously  applied 
within  short  intervals  for  several  months. 

Rheumatism. 

This  affection  litis  been  successfully  treated  by  daily  applications 
of  high-frequency  currents  by  means  of  anlo-condensation,  stances  of 
ten  minutes'  duration.  At  the  end  of  seven  weeks  the  urine  was  normal, 
treatment  was  stopped,  pain  ceased,  appetite  returned,  and  the  patient 
regained  his  natunil  sleep.  In  the  seven  weeks  of  treatment,  his  weight 
increased  6J  pounds.  In  chronic  rheumatism  the  gre;itest  benefit  is 
derived  from  high-frequency  currents.  The  same  statement  is  vouched 
for  by  Gamleu.* 

•Obksity. 

Foveau  de  Courmelles  wjus  the  fii-st  to  study  the  effect  of  high- 
frequency  currents  on  this  condition.  Boinet  and  Caillol  de  Poncy^ 
published  a  report  of  a  series  of  ca^es  where  the  decrease  in  weight  aver- 
aged 14  pounds  per  month.  All  of  these  Ciises  were  treated  by  auto-con- 
duction. In  this  class  of  patients,  urinary  findings  show  an  increased 
4*xcretion  of  urates  and  phosphates. 

»  Medical  Record,  June  9,  1906. 
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'  Soc.  de  Biologie,  July  31,  1897. 


HIGH-FREQUENCY  CURRENTS.  151 

Hystekia. 

lu  these  cases  the  patient  gains  in  general  condition,  in  weight,  etc. 
The  improvement  noted  is  about  on  a  par  with  the  Weir-Mitchell  rest 
cure.  In  sciatica,  neuralgia,  tabes  dorsalis,  and  chorea,  Oamlen  has 
achieved  excellent  results  with  high-frequency  currents.* 

Lupus  Vulgaris. 

It  would  appear  that  high-frequency  currents  in  this  disease  behave 
in  a  manner  similar  to  the  X-rays  or  the  Finsen  light.  Williams  reports 
that  twenty  applications  of  five  minutes  ejich,  over  a  period  of  ten  weeks, 
suffice  to  clear  up  any  non-ulcerated  small  patch  of  lupus.  The  effluve, 
the  high- vacuum  glass  electrode  emitting  X-i*ays,  or  the  ordinary  glass 
electrode  may  be  employed. 

Rodent  Ulcer  and  Malignant  Diseases. 

In  rodent  ulcer  the  effluve  can  be  readily  and  advantageously  ap- 
plied. In  an  interesting  case  of  that  disease,  Williams  records  how  he  used 
his  thumb  as  an  electrode,  the  patient  being  on  the  auto-condensation 
conch,  and  connected  to  one  pole ;  the  other  was  connected  with  the 
operator,  and  the  circuit  completed  by  the  latter*  s  thumb  on  the  ulcer. 
At  the  end  of  the  first  three  applications  the  dry  serum  became  attached 
to  the  thumb;  each  iuiditional  application  seemed  to  shrink  more  of  the 
ulcer.  The  hard  edges,  so  resistant  at  first,  disappeared,  and  for  eleven 
months  there  has  been  no  evidence  of  a  return.  The  applications  are 
painless.  Relapses  are  extremely  rare.  In  1901  Dr.  Allen,  of  Chisle- 
hurst,'  published  an  elaborate  report  of  malignant  disease  treated  with 
high-frequency  applications.  The  results  he  obtained  were  most  encour- 
aging, some  apparent  cures  being  recordeil. 

Piles,  Rectal  Fissures,  and  Pruritus  Ani. 

In  all  three  of  these  conditions,  high-frequency  currents  have  proved 
most  efficient.  A  special  electrode,  consisting  of  a  stem  with  a  bare  con- 
ical metallic  extremity,  is  employed.  Doumer  has  reported  26  cases  of 
hemorrhoids,  with  more  or  less  successful  results.  Benefit  is  most  pro- 
nounced in  recent  acute  csises,  with  markeil  structural  changes.  Mr.  F. 
J.  Bokenham'  offers  a  summary  of  results  obtained  in  two  years  and  a 
half,  with  currents  of  high  frequency,  in  the  treatment  of  hemorrhoids, 
rectal  fissures,  and  pruritus  ani.  The  number  of  cases  treated  was  118. 
He  records  52  as  completely  cured,  37  as  greatly  relieved,  18  were 
improved,  and  the  remaining  11  he  pronounces  failures.     He  prefers  to 

» Ibid. 
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employ  high-vacuam  glass  electrodea  With  metal  electrodes  he  uses  a 
current  of  450  to  500  milliamperes ;  with  glass  electrodes,  100  to  150 
milliamperes.  Duration  of  each  stance  about  5  minutes ;  he  believes 
that  no  one  treatment  should  ever  exceed  15  minutes  in  duration. 

Colitis. 

Shenton  *  remarks  that  a  valuable  use  of  high-frequency  currents 
consists  in  their  beneficial  effects  in  mucous  and  ulcerative  colitis.  In 
the  first  case  reported  by  the  author,  the  abdomen  was  exposed  almost 
daily  to  weak  X-rays  for  a  month,  but  without  effect.  High-frequency 
treatment  was  then  given  on  the  condenser  couch,  for  a  period  of  ten 
minutes  through  the  hands,  followed  by  a  fifteen-minute  local  applica- 
tion, sometimes  from  the  low  tension  and  sometimes  from  the  resonator. 
This  resulted  in  improvement  of  the  general  condition,  and  gradually  the 
diarrhoea,  hemorrhage,  and  pain  diminished.  The  treatment  was  con- 
tinued nine  months  and  resulted  in  complete  cure.  Seven  other  cases 
subsequently  treated,  resulted  in  improvement  in  the  general  health, 
increase  in  weight  and  appetite,  and  improvement  in  sleeping.  In  all  of 
the  cases  but  one,  the  results  were  considered  satisfactory. 

OZJENA. 

Hahn '  used  the  high-frequency  currents  by  means  of  a  special  nasal 
electrode  in  the  treatment  of  ozaena.  Bordier  and  Collet  in  1902  applied 
high-frequency  currents  in  the  treatment  of  ozaena,  and  since  then  Hahn 
has  used  this  method  in  seven  marked  cases  of  the  disease.  He  used  an 
Oudiu  resonator  with  an  electrode  similar  to  that  used  by  Bordier  and 
Collet,  namely,  a  metallic  rod  covered  with  paraf&n  or  wax,  and  placed 
in  an  insulating  handle.  The  electrode  may  also  be  enclosed  in  a  gliuie 
tube,  which  allows  only  the  tip  to  project.  Care  must  be  taken  to  apply 
the  effluvia  to  every  part  of  the  affected  mucosa.  The  smaller  the  sparks, 
the  less  irritation  and  reflex  action  will  there  be.  No  cocaine  or 
adrenalin  was  needed  before  applying  the  high-frequency  current,  but 
the  patient  sneezed  a  few  times  after  the  current  was  turned  on,  com- 
plained of  burning,  slight  pain,  and  lacrymation.  But  these  symptoms 
vanished  in  two  or  three  minutes  if  the  application  was  continued. 
After  three  minutes  the  electrode  was  withdrawn  and  the  patient  was 
asked  to  blow  his  nost*,  when  all  the  crusts  usually  came  away  at  once. 
The  stance  was  repcjited  in  from  seven  to  forty -eight  hours,  and  lasted 
usually  about  fifteen  minuter,  although  it  can  be  made  twice  as  long  with- 
out harm.  No  other  treatment,  not  even  irrigation,  was  used.  While  the 
author  does  not  allege  absolute  cures  in  his  seven  cases,  the  improvement 

*  Archives  of  the  Ront^ren  Ray,  August,  1905. 
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was  very  marked  indeed,  and  the  mucous  membrane  in  some  eases 
assumed  a  more  normal  aspect.  In  all  cases  the  crasts  disappeared  and 
the  odor  was  removed,  while  the  subjective  symptoms,  including  the 
headaches,  were  almost  abolished.  He  believes  that  high-frequency  cur- 
rents have  an  antiphlogistic  and  resolvent  action  upon  the  mucosa  of  the 
nose  in  ozsena. 

Epilepsy. 

The  following  detailed  reports  of  the  clinical  application  of  high- 
frequency  currents  represent  some  of  the  more  advanced  views  on  the 
therapeutic  value  of  this  agent 

CJoncerning  the  treatment  of  epilepsy.  Dr.  Samuel  G.  Tracy  *  says : 
^*The  galvanic  and  fiiradic  currents  of  electricity  have  been  used  in 
former  years,  but  with  little  success.  If  Ilughlings  Jackson's  theories 
regarding  the  nerve  system  are  correct,  it  is  reasonable  to  suppose  that 
high-frequency,  high -potential  electric  currents  will  have  a  beneficial 
effect  on  the  nerve  centres,  and  indirectly  on  epilepsy. 

^^As  a  rule  each  patient  should  be  treated  every  other  day,  first 
receiving  X-radiation  from  5  to  10  minutes  from  a  high  tube.  This  is 
placed  about  6  to  10  inches  above  the  head,  so  that  the  rays  strike 
directly  upon  the  anterior  and  occipital  part  of  the  brain  (Jackson's 
centres  of  high  level ).  After  the  X-radiation  the  patient  should  be  sub- 
jected to  the  influence  of  a  high-frequency  current,  applied  over  the  brain 
for  10  minutes,  and  for  5  minutes  over  the  spine.  In  this  manner  I  have 
treated  the  different  forms  of  epilepsy,  bat  I  found  the  best  results  were 
obtained  by  using  the  combined  treatment  of  X-radiation  and  high-fre- 
quency currents  with  small  doses  of  bromides.  By  this  latter  method  at 
least  25  per  cent,  of  eases  of  jyetU  mal  may  be  considere<l  tentatively  cured, 
20  per  cent,  of  Jackson ian  epilepsy,  and  12  per  cent,  of  grand  mal.  All 
cases  were  improved  more  or  less,  not  only  in  regard  to  the  frequency  of 
the  epileptic  seizures,  but  also  in  regard  to  their  severity.  In  addition  to 
this  the  general  mental  and  physical  condition  was  very  much  improved. 
As  these  experiments  have  been  continued  for  less  than  a  year,  sufi&cient 
time  has  not  elapsed  to  say  how  much  permanent  value  there  is  to  this 
method  of  treatment.  Nevertheless,  such  progress  has  been  made  in  the 
cases  treated  that  I  believe  we  are  on  the  right  road  to  get  the  best 
results  in  the  treatment  of  epilepsy. 

^*I  am  inclined  to  believe  that  the  high-frequency  currents  have 
some  chemical  effect  on  the  bromide,  possibly  liberating  a  larger  quantity 
of  the  bromide  as  the  solution  of  the  salt  circuLites  in  the  brain,  and  thus 
the  drug  in  smaller  quantities  has  a  more  pronounced  therapeutic  effect 
in  controlling  the  epileptic  seizures." 

'  New  York  Medical  Journal,  March  4, 1905. 
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Skin  Diseases. 

Dr.  Charles  W.  Allen*  reports  175  eases  of  varioiLs  skin  diseases 
treated  since  November,  1901.  In  chronic  eczema  he  has  found  the  dis- 
charges  of  vacuum  electrodes  of  decided  value  in  alleviating  symptoms 
and  in  diminishing  infiltration.  In  herpes  zoster  of  the  thigh  and  arm 
with  hyperjBSthesia  and  neuralgic  pain,  not  only  has  temporary  relief 
been  afforded  immediately  after  each  application,  but  the  whole  course 
of  the  disease  has  been  shortened  and  the  lesions  have  promptly  healed. 

General  effluviation  with  metallic  pointed  electrodes,  the  so-called 
''feather-duster"  brush,  seems  to  diminish  the  pruritus,  to  shorten  the 
attack,  and  decrease  the  duration  of  the  entire  course  in  subacute  and 
X)ersistently  recurring  urticaria.  Dr.  Allen  believes  that  high-frequency 
currents  are  of  decided  advantage  to  those  treating  skin  diseases,  in 
conjunction  with  other  measures.  They  are  curative  of  themselves  in  a 
restricted  class  of  erases  and  efficiently  meet  pruritic  symptoms ;  but  these 
currents  are  inferior  to  the  X-rays  in  skin  diseases,  the  best  work  being 
accomplished  when  they  are  used  conjointly,  as  I  have  frequently  seen. 

Trachoma. 

In  the  treatment  of  trachoma,  Stephenson  and  Walsh'  believe  a  prom- 
ising field  has  been  opened  as  a  result  of  their  work  with  the  X-ray 
irradiation  and  the  high-frequency  current. 

In  one  case,  after  22  applications  by  the  high-frequency  current  a  case 
of  trachoma  was  apparently  cured.  A  l2-ineh  spark-coil  (Cox)  was  run 
from  the  main  connection  with  a  D' Arsonval  high-frequency  apparatus. 
One  end  of  the  solenoid  wiis  earthed,  while  the  other  was  connected  with 
a  vulcanite  electrode,  with  which  the  closed  eyelids  were  gently  massaged. 
A  small  brush  dLschjirge  of  about  half  an  inch  was  obtainable  from  the 
electrode,  which  would  probably  have  acted  upon  the  trachoma  equally  as 
well  without  actual  contact  of  the  electrode  with  the  lids.  So  far  as  can 
be  ascertained,  this  is  the  first  application  of  the  high-frequency  curi-ent 
to  the  eye.  By  this  means,  iis  with  the  focus  tube,  more  improvement 
has  been  effected  than  could  have  been  expected  from  the  prolonged  use 
of  escharotics. 

DuLNEss  OF  Hearing  and  Subjective  Noises. 

Dr.  J.  G.  ConnaP  says  in  reference  to  dulness  of  hearing  and  the 
occurrence  of  subjective  nois(.\s  :  **The  cases  were  of  a  class  not  retidily 
influenced  by  ordinary  methods  of  treatment.  The  types  selected  were  : 
(1)  chronic  dry  catarrh  of   the  middle  ear  with  secondary  labyrinthine 

» Medical  Record,  February  20,  1904. 
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involvement ;  (2)  chronic  dry  catarrh  of  the  middle  ear  without  marked 
labyrinthine  involvement;  (3)  sclerosis  of  the  middle  ear;  (4)  post- 
suppurative  conditions  of  the  middle  ejir  (the  purulent  process  having 
ceased),  leaving  a  cicatrix  or  a  dry  perforation  with  or  without  cal- 
careous deposit  in  the  tympanic  membrane ;  (5)  primary  labyrinthitis 
(traumatic);  (6)  tinnitus  without  dulness  of  hearing.  In  all  the  cases 
both  ears  were  involved,  one  ear  generally  being  worse  than  the  other. 
Results  :  1.  Six  cases.  No  improvement  in  the  hearing  of  any  of 
them.  In  four  the  tinnitus  persisted  ;  two  thought  the  noises  were  slightly 
lessened,  but  were  not  at  all  certain.  2.  Fourteen  cases.  In  ten,  no 
improvement  in  hearing ;  one  was  worse ;  two  noted  a  slight  improve-* 
ment  in  the  hearing.  One  patient  said  she  heard  much  better,  but  the 
improvement  was  not  appreciable  by  the  tests  applied.  Of  the  ten 
patients  who  complained  of  tinnitus,  eight  reported  an  improvement; 
two  of  these  said  they  were  very  much  better.  In  one  case  the  noise  dis- 
appeared entirely  in  one  ear  for  six  weeks,  when  it  recurred.  3.  Five 
cases.  One  patient  Siiid  she  heard  better,  but  did  not  respond  to  tests  ; 
four  reported  an  improvement  in  the  hearing,  confirmed  with  the  watch, 
and  improvement  in  the  tinnitus.  4.  Seven  cases.  Four  reported  a 
slight  improvement  in  hearing,  and  four  or  five  who  had  tinnitus  reported 
improvement.  5.  One  case.  No  benefit.  6.  One  case.  No  benefit. 
The  author  urges  the  importance  of  technic  in  the  electrical  treatment  of 
these  cases.  The  common  method  of  applying  the  current  is  by  means 
of  the  effluve  (spray).  This  method  was  adopted  in  the  earlier  cases, 
but  was  found  unsatisfactory.  The  method  of  using  a  condenser  elec- 
trode in  each  ear  was  substituted  and  gave  better  results,  probably 
because  the  current  is  more  completely  concentrated  on  the  ears. 

GONORRH(EA. 

Oamlen  *  treated  a  rebellious  case  of  gonorrhoea  by  high-frequency 
currents,  by  means  of  a  bougie  connected  with  the  terminal  on  the  top  of 
the  resonator.  At  the  same  time,  general  high-frequency  currents  were 
administered.  Sixteen  of  these  combined  treatments  effected  a  cure. 
Local  treatment  was  given  every  second  day ;  duration  of  each  treatment 
was  five  minutes.  He  also  mentions  the  case  of  a  young  woman,  with  a 
history  of  gonorrhoMi  of  three  weeks'  duration.  The  usual  medicinal 
treatment  proved  futile ;  high-frequency  treatment  was  instituted  and  a 
vaginal  glass  electrode  was  employed.  '^  After  the  first  few  applications," 
saysGamlen,  '^the  irritation,  and  later  the  discharge,  gradually  subsided. 
Fourteen  applications  effected  a  complete  cure." 

*  Archives  of  the  Riintgen  Ray,  February,  1906. 
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Historical  Introduction. 

The  discoveries  made  and  the  achievements  wrought  in  the  domain 
of  electricity  are  the  recorded  efforts  of  determined  and  conscientious 
minds  of  all  ages.  From  the  remotest  periods  of  the  world's  history  the 
mysterious  phenomena  of  electricity  have  arrested  attention  and  invited 
thought  from  searching  inquirers,  and  slowly  but  surely  the  hidden 
secrets  of  this  subtle  force  of  nature  have  been  steadily  unfolded,  until 
to-day  the  mighty  achievements  ascribable  to  it  confront  us  on  every  side, 
offering  a  telling  contrast  to  the  methods  pursued  a  few  centuries  ago, 
when  men  with  crude  appliances  and  still  cruder  ideas  led  the  van  in  ex- 
perimental inquiry'. 

To  Otto  von  Guericke,  the  world  owes  a  debt  of  gratitude  for  his 
successful  labors  in  inventing,  in  1650,  the  air-pump  and  in  ingen- 
iously applying  it  to  the  laws  of  science.  In  1740  Abb6  Xollet  em- 
ployed the  air-pump  and  continued  the  studies  commenced  by  von 
Guericke.  It  remained  for  Sir  W.  Snow  Harris,  in  1834,  to  formulate 
boldly  the  statement,  that  the  length  of  the  spark  which  an  electric 
machine  will  give  in  the  air  varies  iis  the  inverse  ratio  of  the  pressure  of 
the  gas. 

In  1838,  the  immortal  Faraday  challenged  the  world's  admiration 
with  his  experiments  in  electricity,  and  simultaneously  his  celebrated 
confrere,  Heinrich  Geissler,  made  memorable  that  scientific  epoch,  bj^  im- 
proving on  the  efforts  of  Faraday  in  his  study  of  electric  glow  discharges. 
The  principles  of  and  the  laws  governing  electric  science  were  being 
surely  evolved,  when  in  1840  Clerk  Maxwell  turned  the  search-light  on 
this  special  department  of  science,  and  gave  to  the  world  the  electro- 
magnetic theory  of  light. 

Sir  William  Thomson  (now  Lord  Kelvin),  not  unmindful  of  the 
laborious  researches  of  Sir  W.  Snow  Harris,  determined  to  make  a  pro- 
found study  of  the  relation  existing  lietween  gas  pressure  and  spark 
length,  and  in  1860  he  gave  to  science  the  absolute  electrometer,  an  in- 
vention that  at  once  brought  his  name  into  commanding  prominence. 
The  substitution  of  the  Kuhmkorflf  coil  by  cells  was  the  very  original 
thought  that  occupied  the  attention  of  Gassiot.  With  a  battery  con- 
sisting of  more  than  3500  cells,  this  celebrated  French  physicist  proved 
lo6 
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conclusively  that  a  vacuum  tube  glowed  incessantly  when  placed  in  the 
path  of  its  circuit,  and  in  1865,  Hennann  Sprengel  invented  the  mercury 
air-pump,  an  instrument  devised  for  the  purpose  of  producing  very  high 
rarefactions,  with  a  great  degree  of  rapidity. 

In  1869,  Hittorfs  name  tecame  familiar  for  experimentations  along 
these  lines,  and  the  same  work  was  largely  followed  by  Goldstein  in  1876. 
It  was  during  the  latter  year  that  the  brilliant  researches  of  Gjissiot  were 
being  still  further  prosecuted.  In  1877,  a  coterie  of  scientists  were  eager 
to  take  up  the  work  where  Giissiot  had  left  off;  not  the  least  conspic- 
uous among  these  were  Warren  de  la  Rue,  Hugo  MuUer,  and  W.  Spottis- 
woode. 

From  1877  to  1879,  investigators  were  making  extended  studies  and 
investigations  into  the  theories  already  advanced,  and  perfecting  with 
unremitting  energy  the  practical  points  previously  deduced.  In  the 
latter  year  the  celebrateil  Sir  William  Crookes  startle<l  the  world  by  his 
announcement  that  matter  was  radiant.  It  was  he  who  declared  that  the 
particles  that  were  shot  off  from  the  cathode  ray  possessed  strange  and 
remarkable  properties. 

In  1883,  Wiedemann  and  J.  J.  Thomson  continued  these  studies  and 
declared  these  particles  to  be  ether  disturbances  of  very  short  wave 
length.  The  study  was  continued  by  Professor  Hertz  at  Bonn,  leading 
to  an  investigation  of  high  vacua  discharge  experiments.  The  work  was 
continued  by  his  assistant,  Professor  Lenard,  who  in  1894  proved  the 
XK>ssil^ility  of  cathode  rays  passing  through  the  walls  of  a  vacuum  tube. 
Perrin,  in  France,  and  Elster  and  Geitel  in  Germany,  made  searching 
studies  into  the  latter  subject. 

It  was  in  1895,  that  Professor  Rontgen  was  experimenting  with 
Lenard  and  Crookes  tubes  when  an  unusual  phenomenon  met  his  gaze. 
His  tube  was  completely  enveloped  in  an  opaque  cover,  when  a  near-by 
paper  containing  a  fluorescent  substance  exhibited  a  most  pronounced 
visible  glow  !  How  could  the  phenomenon  be  explained !  The  rays 
oflfered  a  triumphant  resistance  to  the  action  of  the  magnet.  These  were 
the  rays  so  indispensable  to  the  photograi>her\s  art;  the  rays  that  were 
destined  to  revolutionize  many  preconceived  notions  in  medicine  and 
surgery.  A  new  radiation  had  burst  forth  at  the  touch  of  genius  ;  a  new 
science  had  come  into  being. 

Wilhelm  Conrad  Rontgen  was  born  in  Lennep,  Province  of  the 
Rhine,  Germany,  March  27,  1845.  At  an  eiirly  age  the  boy  showed  a 
remarkable  aptitude  for  study,  and  in  1870  he  was  graduated  as  a  Doctor 
of  Philosophy  from  the  Univei-sity  of  Ziirich.  Seeing  that  the  youth 
gave  promise  of  a  bright  career,  Professor  Kundt  took  a  lively  interest 
in  the  young  man,  and  in  1873,  when  Kundt  was  elected  to  a  chair  at  the 
University  of  Wiirzburg,  the  young  scientist  accompanied  him,  and  at 
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Professor  Kundt's  promotion  to  the  University  of  Strasburg,  Professor 
Routgen  became  his  assistant.  In  1875,  Professor  Rontgen  was  made 
Professor  of  Mathematics  and  Physics  in  the  Agricultural  Academy  at 
Hohenheim,  retiring  from  the  institution  to  return  to  Strasburg  just 
one  year  later.  In  1879,  he  accepted  a  call  as  Professor  and  also  as  a 
Director  of  the  Department  of  Physics  at  the  University  of  Giessen ;  he 
likewise  accepted  a  simihir  position  at  the  University  of  Wiirzburg, — 
the  latter  office  he  still  holds. 

The  labors  of  Professor  R()ntgen  have  been  manifold  ;  he  has  had 
published  his  investigations  on  isothermal  crystals,  solar  (^alorimetry, 
dust  figures,  aneroid  barometry,  absorption  of  heat  by  various  vapors, 
etc.  During  the  past  decade  his  studies  have  been  almost  exclusively 
devoted  to  problems  in  electricity.  Space  forbids  naming  even  a  tithe  of 
the  honors  that  have  been  showered  upon  this  celebrated  scientist.  Re- 
quested by  the  German  Emperor  to  demonstrate  his  discovery  at  the 
Palace  at  Potsdam,  the  Emperor  decorated  him  with  a  Crown  Order  of 
the  Second  Class.  The  University  of  Munich  presented  him  with  a  pro- 
fessorship in  recognition  of  his  immortal  discovery.  He  was  awarded 
the  Barnard  medal  from  the  National  Academy  of  Sciences  at  the  com- 
mencement exercises  of  Columbia  University,  New  York  City,  and  he 
also  received  the  Nobel  prize  in  1901.  '^ 

The  Comparative  Study  of  the  Properties  of  the  Cathode  and  the 
Rontgen  Rays. 

Cathode  Rays. 

Production. — Much  discussion  has  arisen  as  to  the  true  character  of  the 
cathode  rays.  One  school  of  philosophers  declare  that  they  are  not  i*ays 
of  light,  but  merely  a  stream  of  molecules  proceeding  from  the  cathode ; 
others  adhere  to  the  view  that  these  rays  are  analogous  to  ordinary  light 
rays,  and  represent  some  process  occurring  in  the  atmospheric  ether. 
Nevertheless  the  fact  remains  that,  for  their  production,  it  is  essential  to 
have  a  certain  degree  of  vacuum  in  the  tube.  If  this  degree  of  vacuum 
be  increased,  the  production  of  cathode  rays  is  no  longer  possible,  and 
when  the  tube  is  as  completely  exhausted  as  is  possible,  the  production  of 
X-rays  occurs.  Cathode  rays  ciin  be  j)roduced  only  within  the  walls  of 
the  glass  tube,  and  must  be  studied  outside  of  the  tube  by  the  introduc- 
tion of  Lenard's  aluminium  window. 

Radiahility. — Professor  Hertz  was  the  first  to  demonstrate  authorita- 
tively that  thin  sheets  of  metal  were  transradiable,  and  Lenard  showed 
the  phenomenon  to  be  true  of  thin  layers  of  other  substances  opjique  to 
light.  Gold,  silver,  and  aluminium  foil  allowed  the  passage  of  the  rays 
without  suffering  lass  of  any  of  their  intensity.     With  gases,  it  was  finind 
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that  the  power  of  penetration  varied  inversely  as  the  density, — L  e.,  the 
greater  the  density  the  less  the  penetrability.  Water  was  found  to  be 
transradiable  only  in  extremely  thin  strata. 

Fluorescence  and  Phosphorescence.  — Experimentation  has  proved  that 
the  phosphides  of  the  alkaline  earths,  calc  spar,  and  uranium  glass  glow 
brilliantly  when  near  the  aluminium  window.  Salts  of  manganese,  cad- 
mium, strontium,  and  lithium  luminesce  brightly.  Liquids  are  inactive. 
A  rather  curious  fact  is,  that  the  sulphate  of  quinine  in  solution  is  only 
slightly  excited,  but  the  same  salt  in  the  solid  state  offers  a  most  bril- 
liant glow  of  a  deep  blue  color.  Lenard  affirms  that  the  platino-cyanides 
exhibit  colors,  similar  to  those  that  are  produced  under  the  influence  of 
the  ultra-violet  rays. 

Reflection^  Befr(wtion^  and  Polarization. — In  the  vacuum  tube  the 
cathode  rays  appear  to  be  reflected  and  to  behave  in  the  same  manner  as 
rays  of  light.  Nothing  definite  has  been  determined  regarding  the  polar- 
ization of  these  rays. 

Chemical  and  Photographic  Effects. — ^The  cathode  rays  possess  a  most 
energetic  chemical  action  on  the  alkaline  haloids,  and  on  some  of  the 
haloids  of  the  earths.  Thus  lithium  chloride  suffers  a  change  to  violet, 
whilst  sodium  chloride  can  be  made  to  change  to  either  a  yellow  or  a  gray 
color.  Upon  heating,  the  former  is  converted  into  a  red  color ;  the  latter 
blue.  The  cathode  rays  act  energetically  on  photographic  papers  and 
plates ;  thus  iodine  paper  is  quickly  converted  to  a  pronounced  blue  on 
exposure  to  the  rays. 

Physiological  Effects. — Neither  the  eye  nor  the  skin  is  affected  by  the 
action  of  the  cathode  ray;  a  characteristic  odor  and  taste  are  produced, 
but  by  some  authorities  these  are  ascribed  to  the  presence  of  ozone. 

Theories. — The  theories  advanced  to  explain  the  cathode  rays  are  the 
hypotheses  put  forth  by  the  leading  exponents  of  the  English  and  German 
schools  of  philosophers.  The  former  physicists  incline  to  the  belief  that 
the  cathode  rays  are  streams  of  electrified  molecules  that  are  shot  off  from 
the  cathode ;  in  contradistinction  to  the  German  scientists,  who  hold  that 
these  rays  are  manifestations  of  ethereal  vibrations;  defending  this  state- 
ment with  the  results  of  Lenard' s  investigations,  and  declaring,  with  that 
scientist,  that  cathode  rays  are  propagated  through  a  vacuum  in  straight 
lines,  and  so  void  of  all  matter  that  through  them  an  electric  spark  can- 
not be  made  to  pass. 

Jaumann's  theory,  which  brings  into  the  discussion  the  subject  of 
longitudinal  waves,  has  received  some  support.  He  asserts  that  when 
these  TQiys  are  incident  at  right  angles  there  is  caused  a  high  discharging 
effect,  showing  a  large  longitudinal  component.  This  theory  gains  cor- 
roboration in  a  magnetic  field.  In  accordance  with  this  investigator's 
views,  these  rays  can  only  be  normally  reflected  when  the  force  applied 
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is  parallel  to  the  reflecting  surface.  Space  forbids  the  presentation  of 
many  other  ingenioas  theories,  advanced  by  Wiedemann,  Hertz,  Gold- 
stein, Front,  and  J.  J.  Thomson. 

RrjNTGEX  Rays. 

ProdHction. — The  new  radiation — that  form  of  energy  called  the 
Rontgen  rays  or  the  X-rays,  requires  for  its  pnxluction  a  highly  exhausted 
discharge  tube.  It  mnst  be  borne  in  mind  that  the  essentiid  factor  in  the 
genenition  of  the  Rimtgen  rays  is  that  the  elei'tric  discharge  must  be  made 
to  take  place  in  a  high-vacuum  tul)e,  such  as  the  Crookes  tube;  other 
circiunstances,  as  the  character  of  the  coil  or  dynamo,  being  matters  of 
minor  consideration.  Again,  if  we  take  Geissler  tubes,  which  are  bulbs 
in  which  the  air  is  only  i>artially  exhausted,  we  obtain  what  is  known 
as  a  low  vacuum,  and  it  is  difficult,  or  indeeti  imi>ossible,  to  generate 
Rcmtgen  rays  from  such  a  discharge  apparatus.  The  Rontgen  rays  re- 
quire the  one- millionth  part  of  atmospheric  pressure. 

RadiabiJUy  and  Penetrabiiity. — The  peculiar  power  possessed  by  the 
Rontgen  rays,  of  penetrating  substances  op;ique  to  oixiinary  light  or 
cathode  rays,  has  been  shown  by  Professor  Rontgen  to  be  largely  de- 
pendent upon  the  relative  density  and  thickness  of  the  substance  under 
examination.'  In  an  elaborate  exposition  in  his  fii-st  communication, 
he  savs : 

**  Sheets  of  hard  rubber  several  centimetres  thick  still  permit  the 
rays  to  pass  through  tliem.  Glass  plates  of  iMjual  thickness  behave  quite 
differently,  according  as  they  contain  le;id  (flint-glass)  or  not ;  the  former 
are  much  less  transparent  than  the  latter.  If  the  hand  be  held  between 
the  discharge  tnl)e  and  the  screen,  the  darker  shadow  of  the  Ix^nes  is  seen 
within  the  slightly  dark  sluulow- image  of  the  hand  itself.  Water,  carl>on 
disnlphide,  and  various  other  li([uids,  when  they  ai*e  examined  in  mica 
vessels,  seem  also  to  be  transi)arent.  That  hydrogen  is  to  any  considera- 
ble degree  more  transparent  than  air,  I  have  not  Ix^en  able  to  discover. 
Behind  plates  of  copjKir,  silver,  lead,  gold,  and  platinum  the  fluores- 
cence may  still  be  recognized,  though  only  if  the  thickness  of  the  plates 
is  not  too  great.  Platinum  of  a  thickness  of  0.2  mm.  is  still  transpiu*ent ; 
the  silver  and  coi>per  i)lates  may  even  be  thicker.  Lead  of  a  thickness 
of  1.5  mm.  is  ])ractically  opa([ue;  and  on  account  of  this  property  this 
metal  is  freiimMitly  most  useful.  A  rod  of  wood  with  a  scjuare  cross- 
section  (20  x  20  mm.),  one  of  whose  sides  is  painted  white  with  lead 
paint,  behaves  diff*erently  according  as  to  how  it  is  held  between  the 

'In  this  and  \hv  succetMling  para^raph.s  the  quotations  have  lieen  taken  fn>m 
"Rontgen  Rays;*'  embracing  ProtV^sor  Rontgen's  orij^inal  coinmuniciitions  to  the 
Physikalisches  Institut  dvr  Tniwrsitat,  of  Wiirzburg,  and  translate^l  hy  tnvrge  F. 
Barker,  LL.D.;  HarixM-  and  Bmtliers,  l*u))lishen5. 
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apparatus  and  the  screen.  It  is  abnost  entirely  without  action  when  the 
X-rays  pass  through  it  parallel  to  the  painted  side ;  whereas  the  stick 
throws  a  dark  shadow  when  the  rays  are  made  to  traverse  it  perpendicular 
to  the  painted  side.  In  a  series  similar  to  that  of  the  metals  themselves, 
their  salts  can  be  arranged  with  reference  to  their  transparency,  either 
in  the  solid  form  or  in  solution. 

'^The  experimental  results  which  have  now  been  given,  as  well  as 
others,  lead  to  the  conclusion  that  the  transparency  of  different  substances, 
assumed  to  be  of  equal  thickness,  is  essentially  conditioned  upon  their 
density ;  no  other  property  makes  itself  felt  like  this,  certainly  to  so  high 
a  degree. 

''The  following  experiments  show,  however,  that  the  density  is  not 
the  only  cause  acting.  I  have  examined,  with  reference  to  their  trans- 
parency, plates  of  glass,  aluminium,  calcite,  and  quartz,  of  nearly  the 
same  thickness ;  and  while  these  substances  are  almost  equal  in  density, 
yet  it  was  quite  evident  that  the  calcite  was  sensibly  less  transparent  than 
the  other  substances,  which  appeared  almost  exactly  alike.  No  particu- 
larly strong  fluorescence  of  calcite,  especially  by  comparison  with  glass, 
has  been  noticed. 

''All  substances  with  increase  in  thickness  become  less  transparent. 
In  order  to  find  relation  between  transparency  and  thickness,  I  have 
made  photographs  in  which  portions  of  the  photographic  plate  were 
covered  with  layers  of  tin- foil,  varying  in  the  number  of  sheets  super- 
posed. Photometric  measurements  of  these  will  be  made  when  I  am  in 
I)Ossession  of  a  suitable  photometer. 

"Sheets of  platinum,  lead,  zinc,  and  aluminium  were  rolled  of  such 
thickness  that  all  appeared  nearly  equally  transparent.  The  following 
table  contains  the  absolute  thickness  of  these  sheets  measured  in  milli- 
metres, the  relative  thickness  referred  to  that  of  the  platinum  sheet,  and 
their  densities : 

Thickness.  Relative  Thickness.        Density. 

Pt  0.018  mm 1  21.5 

Pb0.05    mm 3  11.3 

Zn  0.10    mm 6  7.1 

Al   3.5      mm 200  2.6 

"We  may  conclude  from  these  values  that  different  metals  possess 
transparencies  which  are  by  no  melius  equal,  even  when  the  product  of 
thickness  and  density  are  the  same.  The  transparency  increases  much 
more  rapidly  than  this  product  decreases.'' 

Fluorescence  and  Phosphorescence. — In  his  first  communication  Pro- 
fessor Bontgen  discourses  at  length  on  the  fluorescent  effects  of  the  new 
ray,  and  states  its  effect  on  barium  platino-cyanide,  calcium  sulphide,  etc. 
11 
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The  amount  and  color  of  the  rddiations  einitteil  would  seem  to  be  entirely 
dependent 'Upon  the  character  of  the  substance  under  examination.  In 
this  connection  he  wrote  : 

'*If  the  disc*harge  of  a  fairly  Ijirge  induction  coil  be  made  to  pass 
through  a  Ilittorf  vacuum-tube,  or  through  a  Lenard  tube,  a  Crookes 
tube,  or  other  similar  ai)i)aratus  which  hjis  been  sufficiently  exhausted, 
the  tube  being  covere<l  with  thin,  bliu*k  curd-board  which  fits  it  with  tol- 
erable closeness,  and  if  the  whole  apparatus  be  placed  in  a  completely 
darkened  room,  there  is  observed  at  e^ich  discharge  a  bright  illumination 
of  a  paper  s(*reen  covered  with  barium  platino-cyauide,  placed  in  the 
vicinity  of  the  induction  coil,  the  fluorescence  thus  produced  being  en- 
tirely independent  of  the  fact  whether  the  coated  or  the  plain  surface  is 
turned  toward  the  discharge  tube.  This  fluorescence  is  visible  even  when 
the  paper  screen  is  at  a  distance  of  two  metres  from  the  api^aratus.  It  is 
easy  to  prove  that  the  cause  of  the  fluorescence  proceeds  from  the  dis- 
charge apparatus,  and  not  from  any  other  |)oint  in  the  conducting  circuit. 

**The  most  striking  feature  of  this  phenomenon  is  the  fact  that  an 
active  agent  here  passes  through  a  bliu'k  ciird-board  envelope,  which  is 
opiu^ue  to  the  visible  and  the  ultra-violet  niys  of  the  sun  or  the  electric 
arc ;  an  agent,  too,  which  has  the  i^ower  of  proilucing  active  fluorescence. 
Hence  we  may  first  investigate  the  question  whether  other  bodies  also 
possess  this  property. 

*'We  soon  discover  that  all  bodies  are  transparent  to  this  a^ent, 
though  in  very  different  degret^s.  I  proi*eed  to  give  a  few  examples : 
Paper  is  very  transparent ;  behind  a  bound  book  of  alx>ut  one  thousiind 
pages  I  saw  the  fluore.scent  screen  light  up  brightly,  the  printer- s  ink  of- 
fering scarcely  a  noticeable  hiuderance.  In  the  sjime  way  the  fluoi'escence 
api)eared  behind  a  donble  pack  of  cards;  a  single  card  held  between  the 
apparatus  and  the  screen  behind  being  almost  uunoticeable  to  the  eye. 
A  single  slnn^t  of  tinfoil  is  also  scarcely  i^erceptible  ;  it  is  only  after  sev- 
eral layers  have  In^en  placed  over  one  another  that  their  shadow  is  dis- 
tinctly seen  on  the  scretMi.  Thick  blocks  of  wood  are  also  transparent^ 
pine  boards  two  or  three  centimetres  thick  absorbing  only  slightly.  A 
l)late  of  i>latinuni  about  fifteen  millimetres  thick,  though  it  enfeebles  the 
action  seriously,  did  not  cause  the  fluorescence  to  disappear  entirely. 

*'  *  'i^  *  *  The  fluon\scence  of  barium  platino-cyanide  is  not 
the  only  recognizable  eflect  of  the  X-rays.  It  should  be  mentioned  that 
other  bodies  also  fluoresce;  such,  for  instance,  as  the  phosphorescent 
cal(*ium  compounds,  then  uranium  glass,  ordinary  glass,  calcite,  rock-salt, 
and  so  on." 

liejhrtlon,  Kr/ractton,  PoIarizatlo}i,  and  Ini  erf  ere  nee, — The  earlier  ef- 
forts made,  tended  to  show  that  the  Rontgen  rays  defied  reflection,  but 
later  investigations  have  conclusively  proved  that  a  reflection,  similar  to 
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that  diffuse  reflection  obtained  from  the  surface  of  ground  glass,  could  be 
demonstrated.  It  has  likewise  been  shown  that  reflection  is  largely  de- 
I>endent  on  the  character  of  the  substance  composing  the  surface.  More 
recently  Carmichael,  of  Lille,  succeeded  in  reflecting  X-rays  through  the 
agency  of  steel  mirrors.  The  value  of  his  experiment  hjis  not  been  deter- 
mined.    In  his  first  paper  upon  the  X-rays  Professor  Rontgen  said  : 

'*  After  I  had  recognized  the  transparency  of  various  substa.nces  of 
relatively  considerable  thickness,  I  hastened  to  see  how  the  X-rays  be- 
haved on  passing  through  a  prism,  and  to  find  out  whether  they  were 
thereby  deviated  or  not. 

**  Experiments  with  water  and  with  carbon  disulphide  enclosed  in 
mica  prisms  of  about  30°  refracting  angle  showed  no  deviation,  either 
with  the  fluorescent  screen  or  on  the  photographic  plate.  For  purposes 
of  comparison,  the  deviation  of  rays  of  ordinary  light  under  the  same 
conditions  was  observed  ;  and  it  was  noted  that  in  this  case  the  deviated 
images  fell  on  the  plate  about  10  or  20  millimetres  distant  from  the  direct 
image.  By  means  of  prisms  made  of  hard  rubber  and  aluminium,  also  of 
about  30°  refracting  angle,  I  have  obtained  images  on  the  photographic 
plate  in  which  some  small  deviation  may  perhaps  be  recognized.  How- 
ever, the  fact  is  quite  uncertain  ;  the  deviation,  if  it  does  exist,  being  so 
small  that  in  any  case  the  refractive  index  of  the  X-rays  in  the  substances 
named  cannot  be  more  than  1.05  at  the  most.  With  the  fluorescent 
screen  I  was  also  unable  to  observe  any  deviation. 

**Up  to  the  present  time  experiments  with  prisms  of  denser  metals 
have  given  no  definite  results,  owing  to  their  feeble  transparency  and 
the  consequently  diminisheil  intensity  of  the  transmitted  rays. 

**  With  reference  to  the  general  conditions  here  involved  on  the  one 
hand,  and  on  the  other  to  the  importance  of  the  question  whether  the 
X-rays  can  be  refracted  or  not  on  passing  from  one  medium  into  another^ 
it  is  most  fortunate  that  this  subject  may  be  investigated  in  still  another 
way  than  with  the  aid  of  prisms.     Finely  divided  bodies  in  sufficiently 
thick  layers  scatter  the  incident  light  and  allow  only  a  little  of  it  to  pass, 
owing  to  reflection  and  refraction  ;  so  that  if  powders  are  as  transparent 
to  X-rays  Jis  the  same  substances  are  in  mass — equal  amounts  of  ma- 
terial being  presupposed — it  follows  at  once  that  neither  refraction  nor 
regular  reflection  takes  place  to  any  sensible  degree.      Experiments 
were  tried  with  finely  powdered  rock  salt,  with  fine  electrolytic  silver 
powder,  and  with  zinc  dust,  such  as  is  used  in  chemical  investigations. 
In  all  these  cases  no  difference  was  detected  between  the  transparency  of 
the  powders  and  that  of  the  substance  in  mass,  either  by  observation 
with  the  fluorescent  screen  or  with  the  photographic  plate. 

*'  From  what  has  now  been  said  it  is  obvious  that  the  X-rays  cannot 
be  concentrated  by  lenses ;  neither  a  large  lens  of  hard  rubber  nor  a  glass 
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lens  having  any  influence  upon  them.  The  shadow-picture  of  a  round 
rod  is  darker  in  the  middle  than  at  the  edge ;  while  the  image  of  a  tube 
which  is  filled  with  a  substance  more  transparent  than  its  own  material  is 
lighter  at  the  middle  than  at  the  edge. 

"  The  question  ius  to  the  reflection  of  the  X-rays  may  be  regarded  as 
settled,  by  the  experiments  mentioned  in  the  preceding  paragraph,  in 
fovor  of  the  view  that  no  noticeable  regular  reflection  of  the  rays  takes 
place  from  any  of  the  substances  examined.  Other  experiments,  which  I 
here  omit,  lead  to  the  same  conclusion. 

u  *  *  *  *  If  we  compare  this  fact  with  the  observation  already 
mentioned,  that  powders  are  as  transparent  as  coherent  masses,  and  with 
the  further  fact  that  bodies  with  rough  surfaces  behave  like  polished 
bodies  with  reference  to  the  passage  of  the  X-rays,  as  shown  also  in  the 
last  experiment,  we  are  led  to  the  conclusion  already  stated  that  regular 
reflection  does  not  take  place,  but  that  bodies  behave  toward  the  X-rays 
as  turbid  media  do  toward  light. 

^^  Since,  moreover,  I  could  detect  no  evidence  of  refraction  of  these 
rays  in  passing  from  one  medium  to  another,  it  would  seem  that  X-rays 
move  with  the  same  velocity  in  all  substances ;  and,  further,  that  this 
speed  is  the  same  in  the  medium  which  is  present  everywhere  in  space 
and  in  which  the  particles  of  matter  are  imbedded.  These  particles  hin- 
der the  propagation  of  the  X-rays,  the  effect  being  greater,  in  general, 
the  more  dense  the  substance  concerned. 

*^  Accordingly  it  miglit  bo  possible  that  the  arrangement  of  particles 
in  the  substance  exercised  an  influence  on  its  transparency  ;  that,  for  in- 
stance, a  piece  of  caleite  might  l>e  transparent  in  difierent  degrees  for  the 
same  thickness,  according  as  it  is  traversed  in  the  direction  of  the  axis, 
or  at  right  angles  to  it.  Experiments,  however,  on  caleite  and  quartz 
gave  a  negative  result." 

Sir  G.  G.  Stokes,*  ^'The  Wild  Lecture,''  lucidly  says  :  <* Everything 
tends  to  show  that  these  rays  are  something  which,  like  rays  of  light, 
are  propagated  in  the  ether.  What,  then,  is  the  nature  of  this  process 
going  on  in  the  ether?  Some  of  the  properties  of  the  Rontgen  rays 
are  very  surprising,  and  very  unlike  what  we  would  be  in  the  habit 
of  considering  with  regard  to  rays  of  light.  One  of  the  most  strik- 
ing things  is  the  fiicility  with  which  they  go  through  bodies  which  are 
utterly  opaque  to  light,  such,  for  example,  as  black  paper,  board,  and 
so  forth.  If  that  stood  alone  it  would  not,  perhaps,  constitute  a  very 
imi^ortant  diff'erence  between  them  and  light.  A  red  glass  will  stop 
green  rays  and  let  red  rays  through  ;  and  just  in  the  sjime  way  if  the 
Rontgen  rays  were  of  the  nature  of  the  ordinary  i-ays  of  light,  it  is 
possible  that  a  substance,  although  opaque  to  light,  might  be  transpai-ent 

'  Ibid. 
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to  them.  So,  sis  I  say,  tliat  ruuiaikiible  properly,  il'  it  stood  aloue, 
would  not  necessarily  constitute  any  great  difference  of  nature  between 
fiiem  and  ordiuitry  light. 

11  *  *  *  ^;  jjyt  tiiere  are  other  properties  which  are  far  more 
difficult  to  reconcile  with  the  idea  that  the  Rihitgen  i-ays  are  of  the  nature 
of  light.  There  is  the  absence,  or  almost  complete  absence,  of  refraction 
and  reflection.  Another  remarkable  property  of  these  rays  is  the  extreme 
sharpness  of  the  shiwlowa  which  they  cast  when  the  source  of  the  rays  is 
madf^  sufficiently  narrow.  The  shadows  are  far  sharper  than  those  pro- 
duced nudcr  similar  circurastancefl  by  light,  because  in  the  case  of  light 
the  shadows  are  enlarged  as  the  effect  of  diflfniction.  This  absence  or 
almost  complete  absence  of  diffraction  is,  then,  another  circnmstance 
distingnishing  these  rays  from  oi-dinary  rays  of  light.  In  face  of  these 
remarkable  differences,  those  who  speculated  with  regard  to  the  nature 
of  the  rays  were  naturally  disposed  to  look  in  a  direction  in  which  there 
was  some  distinct  difference  fi-om  the  process  which  we  conceive  to  go  on 
in  the  propagation  and  production  of  ordinary  rays  of  light.  Those  who 
have  speculated  on  the  dynamical  theory  of  double  refraction  have  been 
led  U*  imagine  the  possible  existence  in  the  ether  of  longitudinal  vibra- 
tions, as  well  as  those  transversal  vibrations  which  we  know  to  constitute 
light  If  we  were  to  suppose  that  the  Eiintgen  r.iys  are  due  to  longi- 
tudinal vibrations,  that  would  constitut<^  such  a  very  great  difference  of 
nature  between  them  and  the  rays  of  light  that  a  vei-y  grejit  difference  in 
properties  might  reasonably  be  expected.  But  assuming  that  the  Eont- 
gen  rays  are  a  process  which  goes  on  in  ether,  are  the  vibi-atious  belong- 
ing to  them  normal  or  transversal!  If  we  could  obtain  e\idenee  of  the 
polarization  of  those  rays,  that  would  prove  that  the  I'ibrations  were  not 
normal  but'transversal.  But  if  we  fail  to  obtain  evidence  of  polarization, 
that  does  not  at  once  prove  that  the  vibrations  may  not  after  all  be  trans- 
versal, l)ecause  the  properties  of  these  rays  are  such  as  to  lead  us  to 
expect  great  difficulties  in  the  way  of  putting  in  evidence  their  polariza- 
tion, if,  indeed,  they  are  capable  of  polarization  at  all.  Some  experi- 
mentalists have  attempted,  by  means  of  tourmalines,  to  obtain  evidence 
of  polarization,  but  the  result  in  general  has  been  negative.  Of  the  two 
photographic  markings  that  ought  to  be  of  unequal  intensity  on  the  sup- 
position of  polarization,  one  could  not  say  with  certainty  that  one  was 
darker  than  the  other.  Another  way  of  obtaining  polarized  light  is  by 
reflection  at  the  proper  angle  from  glass  or  other  substance ;  but,  unfor- 
tunately for  the  success  of  such  a  method,  the  Rontgen  niys  refuse  to  be 
regularly  reflected,  except  to  a  very  small  extent  indeed.  The  authors  of 
the  paper  to  which  I  have  alrea'ly  referred  appear  to  have  had  some 
success  with  the  tourmaline.  Like  others  who  have  worked  at  the  same 
experiment,  they  took  a  tourmaline  cut  parallel  to  the  axis  and  put  on 
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top  of  it  two  others,  also  cut  panillel  to  the  axis,  and  of  eqnal  thickness, 
which  were  placed  with  their  axis  parallel  and  i)erpendicular  I'espectively 
to  that  of  the  under  tourmaline. 

*^But  they  supi)lemented  this  method  b\'  a  device  which  is  not 
explained  in  the  paper  itself,  although  a  memoir  is  i-eferred  to  in  which 
the  explanation  is  to  be  found — at  least  of  those  who  can  read  the  Russian 
language,  which,  unfortunately,  I  cannot.  I  can,  therefore,  only  gue«3 
what  the  method  wits.  It  is  something  depending  upon  the  superposition 
of  sensitive  photographic  films.  I  suspect  they  had  several  photographic 
films  superposed,  took  the  photographs  on  these,  and  then  took  them 
asunder  for  development,  and  after  development  put  them  together  again, 
as  they  had  been  originally.  They  consider  that  they  have  succeeded  in 
obtaining  evidence  of  a  certain  amount  of  polarization.  If  we  assume 
that  evidence  undoubted,  it  decides  the  question  at  once.  But  as  the 
experiment,  as  made  in  this  way,  is  rather  a  delicate  one,  it  is  important 
for  the  evidence  that  we  sliould  consider  well  what  we  may  call  the 
Becquerel  rays.  I  shall  say  merely  that  they  api>ear  to  be  intermediate 
in  their  projxjrties  between  the  Rontgeu  rays  and  rays  of  ordinary  light. 
The  Becquerel  rays  undoubtedly  admit  of  i)olarization,  and  the  evidence 
appears  on  the  whole  pi-etty  conclusive  that  the  Rontgen  rays,  like 
rays  of  ordinary  light,  are  due  to  transvei'sal,  and  not  to  longitudinal 
vibrations. 

*^It  remains  to  be  explained,  if  we  can  explain  it,  wherein  lies  the 
diflference  lx?tween  the  nature  of  the  Rontgen  i^ays  and  the  rays  of  ordinary 
light  which  accounts  for  the  strange  and  remarkable  difference  in  the 
properties  of  the  two.  I  may  mention  that,  although  Cauchy  and  Neu- 
mann, and  some  othei^  who  have  written  on  the  dynamical  theory  of 
double  refraction,  have  been  led  to  the  contemplation  of  normal  vibrations. 
Green  has  i)ut  forward  what  seems  to  me  a  very  strong  argument  against 
the  existence  of  normal  vil)rations  in  the  ciuse  of  light.  The  argument 
Oreen  used  always  weighed  strongly  with  me  against  the  supposition  that 
the  Rontgen  rays  were  due  to  longitudinal  vibrations;  and  the  experi- 
ments by  which,  as  I  conceive,  the  possibility  of  their  polarization  has 
now  been  established  so  completely  in  the  same  direction,  showing  that 
they  are  due,  Jissuming  them  to  l)e  some  i)roce4SS  going  on  in  the  ether,  to 
a  transvei'Siil  disturbance  of  some  kind."' 

Chemical  and  Phoioyraphic  Effects. — One  of  the  peculiar  properties 
possessed  by  the  X-rays  is  that  they  produce  a  chemical  lU'tion  upon  the 
haloids  of  silver,  but  have  very  little  activity  in  other  reactions.  Dixon' 
asserts  that  these  rays  affei't  no  combination  between  CO  and  O2.  With 
such  combinations  as  argentic  nitrate  in  alcohol  or  HgClj  in  ammonium 
oxalate  solution,  the  influence  of  the  Riintgen  rays  is  extremely  feeble. 

'Trans.  C'heni.  Sot;.,  1896. 
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The  followiug  law  has  been  formulated  by  Vaudevy ver. '  The  actiou  of 
the  rays  on  a  sensitive  film  varies  inversely  as  the  distance  between  them, 
instead  of  inversely  as  the  square  of  the  distance. 

Physiological  Effects, — The  physiological  action  of  the  X-i*ays  will  be 
dealt  with  at  length,  in  the  chapter  devoted  to  X-ray  therapy. 

Theories. — The  nature  and  origin  of  the  Rontgen  rays  is  as  little 
understood  to-day  as  when  fii*st  discovered.  Many  and  varying  theories 
have  been  propounded ;  principal  among  these  may  be  cited  the  views 
put  forth  by  Rontgen,  Crookes,  J.  J.  Thomson,  Stokes,  etc. 

Below  are  tabulated  the  theories  advanced  by  scientists  regarding  the 
probable  nature  of  these  rays.* 

1.  Solid  particlea.      |  ^™>'-  .  ^f""' ,   „ 

tSalvioni,  Att.  d.  Perug.,  8,  1  and  2. 

2.  Ether  wind. 

3.  Ether  vortices.     Michelson,  Amer.  J.  Science,  p.  312. 

4.  Ether  waves  (actual  movement) . 

5.  Electro-magnetic. 

Longitudinal.    Rontgen,  1895,  loc.  cU. 

Boltzmann,  J.  LGaab.,  39,  p.  71. 
With  transverse  coiniwnent.     Jauniann,  Wied.  Ann.,  67,  p.  147. 
Transverse,     {a)  Very  sniull.     Goldhammer. 
{b)  Short  trains.     G.  G.  Stokes. 

J.  J.  Thomson. 

6.  New  phenomenon. 

Visibility  of  the  Rontgen  Rays. 

Prof.  E.  Dorn'  asserts  most  pasitively  that  the  X-rays  are  rmftfe, 
opinions  to  the  conti'ary  notwithstanding.  In  support  of  his  statement^ 
he  says  that  when  the  back  of  the  anti-cathode  is  presented  to  the 
observer's  eye,  a  faint  fluorescence  is  visible  on  the  screen,  whereas, 
with  the  tube  in  the  correct  position,  the  eye  accustomed  to  darkness 
could  not  detect  the  smallest  action,  although  the  appearance  of  light  was 
distinctly  seen,  both  before  and  later.  In  corroboration,  Rontgen  himself 
held  an  absorbing  metal  plate,  containing  a  narrow  slit,  before  the  eye, 
when  he  observed  a  bright  line,  either  straight  or  curved  in  direction, 
depending  on  the  relative  positions  of  the  anode,  the  slit,  and  the  eye. 

Velocity  of  Propagation  of  the  X-rays. 

R.  Blondlot*  has  studied  the  speed  of  propagation  of  X-rays,  by  the 
fact  that  a  discharge  pa>^ses  more  readily  across  a  spark-gap  when  under 

>Jour.  dePhys.,  1897. 
'Hyndmanon  "Radiation." 
•Archives  of  the  Rontgen  Ray,  May,  1898,  p.  69. 

^ Comptes-rendus,  Oct.  27  and  Nov.  3,  1902.  The  Electrician  (translation),  Nov. 
21, 1902. 
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the  iiiflnence  of  the  rays  than  when  the  latter  are  not  present.  He  also 
demonstrated  that  the  X-rays  have  a  definite  rate  of  sx>eed,  possessing  a 
velocity  comparable  to  the  Hertzian  waves.  Believing  that  the  rate  of 
propagation  of  the  latter  through  wire  is  equal  to  the  velocity  of  light, 
Blondlot  asserts  that  the  velocity  of  X-rays,  Hertzian  waves,  and 
ordinary  light  waves  is  equal. 

Velocity  of  the  Rontgen  Rays. 

E.  Marx*  has  succeeded  in  measuring  the  velocity  of  the  X-rays,  by 
a  method  very  similar  to  that  of  Fizeau's  toothed  wheels,  as  used  for 
determining  the  velocity  of  light  j  but  in  Marx's  method  the  intermit- 
tence  is  inherent  in  the  source  and  the  receiver  themselves.  Rontgen 
rays  are  generated  by  Hertzian  waves,  and,  as  the  Rontgen  rays  are  the 
parent  rays  of  the  cathode  rays,  the  latter  are  only  emitted  during  the 
negative  phase  of  the  Hertzian  oscillation,  i.  e.  during  the  intermission. 
The  receiver  is  an  electrode,  connected  with  the  same  exciting  agent  and 
producing  secondary  cathode  rays,  under  the  influence  of  the  incident 
Bontgen  rays,  but  only  when  found  by  them  in  the  negative  phase. 
Now,  as  the  X-rays  produce  i)eculiar  oscillations  in  the  leads,  Marx  has 
overcome  this  difficulty  by  employing  a  method  in  which  the  source 
and  receiver  are  both  fed  from  the  same  Hertzian  oscillating  wires, 
minimizing  infinitesimally  the  oscillations  by  shifting  the  bridge. 

Charging  Action  of  the  Rontgen  Rays. 

That  the  X-rays  are  o^apable  of  charging  bodies  has  been  maintained 
by  Righi  but  denied  by  others.  Hahn's'  views  are  fully  in  accord  with 
those  of  Riglii.  The  discord  that  exists  is  solely  due  to  the  masking 
action  of  the  secondary  rays.  All  bodies  acted  upon  by  tlie  X-rays 
acquire  a  positive  charge  j  hard  rays  are  most  effective  in  charging,  as  is 
also  a  high  atomic  weight. 

*  Phygikalif?che  Zeitschrift,  November  9, 1905. 
^Annalen  der  Phyeik,  No.  11,  1905. 


CHAPTER  I 

THE  RONTGEN  EAY  APPARATUS  AND  ITS  MANIPULATION. 

I.  The  Induction  Coil. 

A.  Laws  of  Faraday,  or  the  Elementary  Laws  of  Induction. 

The  induction  or  Ruhmkorff  coil  is  an  instrument  for  cdnverting 
low  voltage  into  high  E.  M.  F.,  thus  necessarily  involving  the  principles 
of  electro-msignetic  induction. 

In  1831  Fanulay  discovered  that  currents  may  be  induced  in  a  closed 
circuit  by  moving  magnets  near  it,  or  by  moving  the  circuit  across  the 
magnetic  field.  Further  investigation  showed  that  a  current  whose 
strength  is  changing  may  induce  a  secondary  current  in  a  closed  circuit 
near  it. 

In  1832  Faraday  observed  that  a  similar  induction  of  a  secondary 
current  occurred  when  interrupting  an  existing  primary  current,  and  the 
current  produced  in  the  secx)ndary  circuit  on  interruption  travels  in  the 
same  direction  as  the  former.  When  closing  the  primary  circuity  the 
secondary  current  travels  in  the  opposite  direction.  By  rapidly 
*' making''  (closing)  and  ** breaking'-  (interrupting)  the  primary  cir- 
cuit, there  is  produced  an  alternating  current  in  the  secondary  circuit, 
which  is  constantly  changing  in  direction. 

The  current  strength  produced  by  induction  in  the  secondary  circuit 
is  dependent  upon  the  following  principles : 

The  greater  the  ratio  in  the  induction  coil  between  the  primary  sec- 
tion and  the  secondary  coil,  the  greater  will  be  the  resulting  E.  M.  F.  of 
the  induced  current  in  the  secondary  circuit. 

By  induction,  the  greater  the  E.  M.  F.  in  the  primary  circuit,  the 
greater  the  increase  of  current  strength  in  the  secondary  circuit. 

The  strength  of  the  indulged  current  will  vary  with  the  rapidity 
with  which  the  iron  core  is  alternately  magnetized  and  demagnetized. 

The  working  capacity  of  an  induction  coil  depends  upon  the  circum- 
stances that : 

The  core  must  be  of  soft  iron  that  can  readily  be  magnetized  or  de- 
magnetized by  an  interrupter  in  the  primary  circuit. 

The  secondary  circuit  must  consist  of  a  great  many  turns  of  fine 
wire,  so  as  not  to  increase  the  bulk. 

The  primary  coils  carry  the  current  from  battery,  accumulator,  or 
main,  which  magnetizes  the  core  of  soft  iron,  thus  crediting  a  powerful 
magnetic  field  around  and  through  the  secondary  windings.  The  inter- 
rupter causes  the  current  in  the  primary  circuit  to  vary  rapidly,  and  the 
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resulting  variations  in  the  intensity  of  the  magnetic  field  react  upon  the 
secondary  coil,  inducing  an  electro-motive  force  in  each  and  every  turn  of 
the  wire.  The  '' making"  of  the  magnetic  field  is  much  more  slowly 
accomplished  than  its  destruction  when  the  current  is  "broken,"  thus, 
the  induced  electro-motive  force  in  the  secondary  at  "breaking"  is  by 
far  the  greater.  The  induced  secoudarj"  current  when  "making"  is 
greatly  below  that  when  ''  breaking,"  so  that  the  former  is  found  insuffi- 
cient in  exciting  a  vacuum  tube.  Advantage  is  gaintHl  from  this  phenom- 
enon beciiuse  the  induced  cui*rent 
at  ' '  make' '  travels  in  the  wrong 
direction  and  could  not  cause 
the  tube  to  be  excited,  as  it  is 
in  the  case  with  the  "break" 
induced  current. 

The  induction  of  currents 
in  the  secondary  coil  by  means 
of  the  curi-ents  in  the  primaiy 
coil  may  be  moi'e  readily  under- 
stood from  a  consideration  of 
Fig.  68. 

The  battery  "B"  will  c^iuse 
a  current  to  flow  through  the 
primaiy  coil  *^P"  when  the  cir- 
cuit is  closed  by  the  interrupter 
"1;''  but  the  current  does  not 
instantly  assiuue  its  maximum 
value.  It  takes  an  appreciable 
time  to  rise  to  the  current  value 
set  by  the  resistance  of  the  cir- 
cuit. This  gradual  rise  of  the 
current  is  due  to  the  pi-esence 
of  the  self  induction  of  the  cir- 
cuit, the  largest  percentage  of  which  exists  in  the  primary  coil.  During 
the  time  that  this  self-induction  current  is  rising  in  the  primary 
circuit,  a  magnetic  held  is  being  established  about  the  primary  wind- 
ing. The  strength  of  this  magnetic  field  is  at  all  times  direct Ij^  ])ro- 
portioual  to  the  piimary  current.  It  is,  therefore,  zero  at  the  time  that 
no  current  flows,  and  a  maximum  when  the  current  hits  stopped  rising. 
This  magnetic  field  embraces  the  secondary  coil  as  well  tis  the  primary. 
While  the  primary  curnMit  is  rising  and  the  magnetic  field  is  growing,  a 
voltage  is  i)ro(luced  in  the  sc^condary  coil  by  the  expansive  lim^  of  mag- 
netic force,  which  voltage  tends  to  produce  a  current  in  the  secondary 
coil  opposite  in  direction  to  that  flowing  in  the  jnumary. 


Fiti.  (W.— Diivgram  illu.stnitiiig  the  principles  of  in- 
duction.   (After  Douath. ) 
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This  current,  induced  at  this  time,  is  ol*  low  voltage  and  is  not  the 
current  desireii  in  the  X-niy  tube.  It  is  the  ^ inverse"  discharge  which 
tends  to  blacken  the  tul)es  and  lower  the  vacuum  at  the  time  of  the 
running  of  the  tube. 

When  the  interrupter  opens  the  primary  circuit,  the  primary  cur- 
rent suddenly  stops,  and  at  the  same  time  the  magnetic  field  collapses, 
inducing  a  very  high  voltage  in  the  secondary  coil.  This  tends  to  pro- 
duce a  current  in  the  swondary  coil  in  the  same  direction  as  the  current 
flowing  in  the  primary. 

B.  The  Construction  of  the  Induction  Coil. 

1.  The  Frinuiry  CoU. — The  fii*st  i-equirement  in  the  construction  of 
an  X-ray  induction  coil  consists  in  arranging  into  a  cylindrical  bundle 
many  equal  lengths  of  finely  annealed  charcoal  iron  wire,  and  in  winding 
around  this  core,  several  layers  in  thickness,  a  stout  insulated  (pri- 
mary) wire  so  arranged  as  to  have  terminals  at  one  end  for  future  con- 
nection. Surrounding  this  cylinder  is  another  cylinder  made  of  some 
specially  selected  substance,  as  ebonite,  hard  rubl^er,  sliellac,  or  re«in,  to 
afford  insulation. 

2.  The  secondary  coil  is  composed  of  a  great  number  of  windings  of 
very  fine  wire,  to  effect  the  princii)le  that  a  high  E.  M.  F.  is  in  a  great 
degree  dependent  uj^on  the  numlx^r  of  turns  in  the  secondary  coil.  The 
secondary  coil  is  found  on  the  market  made  uj)  in  sections.  This  allows 
of  the  easy  replacement  of  any  one  stn^tion  ;  a  source  of  economy. 

The  ends  of  the  secondary  coil  are  connected  with  bnuss  terminals 
mounted  upon  the  flanges,  an  el)onite  cover  or  s(*pai-ate  stands.  The 
whole  finished  coil  is  suitably  supported  upon  a  stage  of  w^ood  with  the 
other  necessary  appliances. 

3.  Conderuier. — The  i)urpose  of  the  condensi^r  is  for  the  sudden  and 
complete  demagnetization  of  the  soft  iron  core — the  length  of  the  spark 
deiMJnding  upon  the  abruptness  with  which  the  demagnetization  is 
accomplished.  Another  use  of  the  condenser  is  to  prevent  the  sparking 
of  the  extra  current  passing  betwin^n  the  contact  studs  of  the  interrui)tcr. 
The  more  recent  condcnsei-s  are  miule  in  sections  and  are  provided  with 
an  indicating  dial,  designating  how  much  to  increiuse  or  decrejise  the 
CJipacity  of  the  condenser,  lus  determined  by  the  size  of  the  primary  coil. 
The  condenser  is  made  ui)  of  many  sheets  of  tin-foil  separated  from 
each  other  by  sheets  of  i)araftin  x>iil><*i'>  ^^'  paper  impregnated  with  resin 
or  x^lates  of  mica.  The  foil  is  arranged  thus  :  The  first,  third,  and  fifth 
sheets  are  so  connected  iis  to  overlap  the  paper  sheets  on  one  side ;  the 
same  method  is  applied  to  the  union  of  th(»  even  numbered  sheets  of  the 
other ;  these  layei^s  are  connected  with  thos(^  part.s  of  the  interrupter 
where  the  '*make"  and  ^* break-'   occur.     The  unit  of  Ciii)acity  is  the 
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••micrLvfonicL"  The  cap;u*ity  of  iHindensers  useil  in  induction  coils 
varies  fix^m  one-half  M.  F.  to  12  or  15  M.  F.,  de[>endiug  u[x>n  the  size, 
make  of  the  i'<»iL  and  the  voltage  upon  which  its  primary  circuit  is  used. 
TV  fvmmnt^dor  is  an  appli:uice  mounted  on  the  base  for  the  support 
of  the  <xnl.  and  phu-ed  at  the  side  of  the  interrupter.  It  is  a  double 
nfversible  switch  ca[xible  of  changing  the  ilirection  of  the  current  in  the 
primary  and  con:<^nently  in  the  secondary-  circuit. 

l\    IXTERBlTTOfiS. 

The  interrupter  vrhei^tome )  is  a  device  employetl  by  electricians  for 
the  pur|)oe^  of  effei'ting  nipidly  suci^eetliug  induceil  currents  in  the 
sftfOHMlary  ix>iK  by  a  i-orrespi^mliug  rapidity  in  the  opening  v"  break- 
ing*') and  closing  v^miiking'''^  of  the  primary-  ivil.  Interrupters  are 
divided  into  the    mechanical   and  the  eleilrolytic,    with  the  following 

sobdivisioDS : 

1.  Mechanical. 

Platinau). 

Vibniti»|!  hamuier. 

ImU'l^nilent. 

S^lf-:!:tairting. 

Vril. 
Menmnr. 

IHpper. 

Rocary. 
IHsk. 

Ji>hll$tOD. 
J.t. 

Wrhneh- 

Cal  iwell  an  i  Siir.v^n. 


Ff^ftimmm, — The  "i^r^tUmtj  k*tmm*r  which  vibrates  in  rt^|HMise  to  the 
magiit-tism  fxrrtt-il  by  tht-  primary  ivil  is  little  us^^l  at  pi\*?i*-nt. 

The  i/itiyj^'**i^H*  r^'nitin^j  hixmmfr  is  s**  c\>nstnu*tctl  that  a  magiit^t 
placed  in  a  shuuc  rirvuit  i-an  vibrate  the  hauuucr  imleiHMuleutly  of  the 
ci»iL  The  diameter  of  the  ivuttR'ts  sht^uld  Iv  ;ws  larjix*  as  jxt^ble.  and 
the  tK-vs  abs*»lutrly  jKirallrl,  iu  or\lrr  to  i-arry  all  the  lurix^ut  i\Hiuir\'^l. 
The  immU-r  •>f  i::terrup:i»»MS  in  this  hauiiut-r  is  drpeudeut  uinni  the 
number  of  wciirhrs  attiR-ht-^l  r«»  thi-  vibrating  hamuur.  Tlie  crwiter  the 
number  •»f  wei::hrs  rmplovt-^i.  the  frwrr  'wi'lU*  the  r\»sult:u;:  vibratio:is^ 

The  *'/"  V«Trr/>y  F:^  •i^^.  7*^  uuvhauii-al  riiterruprer  rt-^iutr^^  little 
attention  tn>ui  the  ••j^rator,  as  !i»*  is  lu.t  calUn^l  ui>«>a  tv>  r^tvt  the  vibni- 
ti«»us.  Tliis  iLi;^niMas  invent :••:•  is  the  work  »>l'  II.  i'.  StKvk  aad  Eilwin 
W.  Kellv.  ♦'f  Phila«i<rl:.h:a.  \iho  aj^tly  s;4y  : 

••This  :uterru;»rf  r  is  a  i-rm  »»t*  i^Iatiuum  l»r^-ak  wlr.K'h  :s  aituausl  ii^x 
bv  the  m;ii:ut-tic  drid  of  the  o.»iI  its»!f.  but  by  an  •.nuei»^ii«.U-nt  tlt^-irv^ 
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!)),  wliieii  in  iu  merit's  willi  a  aninll  spring 
nmn  contacts  of  its  ovru,  aud  is  shutiti^d  directly  across  thv  siinply  wires. 

"  The  mi^uetic  eircuil  is  so  arraugud  that  a  very  powerful  pull  is  ex- 
erted on  tlie  anuatiire  at  tlio  instuiit  of  startiug  fi-oin  rest.    This  provit 
the  eelf-stjirtiug  feature  which  Las  given  to  the  interrupter  its  ii 
The  bivjtk  is  (juite  elficient  and  gives  very  little  ti-onble. 

"This  has  been  accomplisLod  by  making  the  magnetic  circnit 
a  minimum  amount  of  reluctance,  and  providing  a  properly  shaped  arma- 
ture and  pole  piece.  The  magnetic  circuit  is  completed  fi"oin  the  arma- 
tnit!  to  the  base  of  the  magnet  coil  through  tlie  interrupter  spiing  itself. 
By  this  arrangement  the  only  air  gap  in  the  path  of  the  magnetic  lines  of 
force  is  that  tietween  the  jiole  piece  and  the  armature  itself,  makiiig  the 
tractive  force  exerted  on  the  armature  a  inaxininm  for  the  magnetizii 
current  emiiloyed." 

The  "rrW"  interrupter  is  an  old  type  of  the  spriug  platinum 
ety.  It  i.s  rapidly  passing  into  disnae,  but  it  possesses  the  great  advan 
tage  of  being  capable  of  generating  a  high  E.  M.  F.  in  the  secondary 
coil.  Sparking  is  unavoidable,  and  its  w'curreuce  constantly  menact^^  the 
integrity  of  the  plalinum  stud, 

Toobviatcthifidifficulty  the  elasticity  of  the  spring  is  no  longer  t«] 
advitntage  of,  but  in  its  place  a  light  jiiecc  of  Hat  metal,  balanced  on 
e<ige.  is  substituted  for  the  niovable  coutju-t. 

r 

^^^17  Jtf(v-c«cy. — ^Merciuy  intorruptera  are  of  two  kinds — the  ilippir  and  tlieif 
I      rrtary.     In  the  dipper  variety  an  electro-motor  (Fig.  71)  is  employeti  to 

effect  the  -'dip,"  and  likewise  the  withdrawal  of  a  platinum-tipped  rod 
[        from  contact  wilh  the  mercuri-for  the  greati^r  part,  of  each  cycle;  it  is  out 

of  the  mercury  for  a  relatively  short  pi-riod,  because  the  current  in  not 


Fio.  71,— Metoury  iiilomiirter. 
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generateil  at  the  moment  of  coutiict.  In  this  form  of  interrupter  the  sur- 
fa<*e  of  the  mercury  is  coA-ered  with  a  hiyer  of  alcohol,  water,  or  i)etroleum, 
in  order  to  decrease  the  oxidation  resulting  from  ''sparking.''  This  form 
of  '* break"  is  cumbersome,  being  mounted  on  a  sei)arate  bjise.  Instead 
of  being  worked  by  the  coro  of  the  coil,  this  interrupter  may  he  brought 
into  suction  by  employing  a  snuill  motor.  One  precaution,  however,  with 
the  latter  method  is  nec^jssary.  If  the  brejiks  are  not  started  prior  to  the 
turning  on  of  the  current  into  the  coil,  the  coil  may  suflfer  serious  dam- 
age by  the  heavy  influx  of  current  upon  closing  the  circuit,  should  the 
dipper  be  immersed  in  the  mercury. 

Davidson's  Eotary  Contact  Breaker. — Dr.  Mackenzie  Davidson's  inter- 
rupter* (Fig.  72)  consists  of  a  AJine  mounted  at  the  end  of  a  spindle 
driven  by  a  small  motor.  As  the  latter  rotates,  the  vane  makes  and 
breaks  contact  with  the  mercury  contuineil  in  a  trough  or  box,  on  the 
cover  of  which  the  motor  is  mounted.  The  motor  and  spindle  are  placed 
at  an  angle  of  about  30°  so  that  the  spindle  piisses  down  through  a  hole 
in  the  lid.  The  mercury  is  thus  closed  in,  and  sphishing  is  prevented. 
The  bn^ik  is  found  to  work  well  with  elei*tro-motiA'e  force  up  to  100  A^olts. 

The  disk  interrui)ter,  a  subilivision  of  the  rotarj',  is  included  in  that 
class  of  '^  breaks''  in  which  the  contacts  nve  separateil  by  the  revolutions 
of  a  disk  eflFected  thn>ugh  the  agency  of  an  electro-motor.  The  contacts 
and  disks  are  immersed  in  alcohol  or  i)etroleum,  to  prevent  the  likelihood 
of  sparking. 

The  Johnson  Mercury  Interrupter. — Dr.  Geo.  C.  Johnston,  of  Pitts- 
burg, exhibiteil  l^efore  the  American  Rontgen  Rjiy  Society  in  Baltimore, 
1905,  a  new  form  <>f  mercury  interrupter  (Fig.  7;^)  for  which  he  claims 
si>ei»ial  featui'es.  Thei*e  is  n<>  oxidation  of  mercury,  no  stick in*r,  uniform- 
ity of  discharge,  al>sc>lute  contn>l  of  spitnl  and  current,  it  will  not  ex- 
pliKle,  it  occupies  little  space,  makes  little  noise,  and  will  run  for  months 
with  little  attention.  He  descril»es  the  Johnston  nim-ury  interrupter  as 
follows  :  "The  interruj^ter  consists  of  an  inclined  sliat\  at  the  lower  end  of 
which  is  a  iHH'uliar  shaped  blade,  alternately  dipping  into  a  pool  of  mer- 
cury. This  shaft  is  n>tatiHl  by  means  of  a  motor  to  which  a  si>t*e<l  con- 
tnd  is  attacheil.  The  containing  case  is  of  heavy  cast  ii\>n,  and  the  top  is 
si^n^wetl  down  and  insulattnl  from  the  case  with  a  thick  rublHU*  gasket  and 
insulateil  bushings.  One  end  of  the  l>ox  is  incliniHl  toward  the  mei-cury 
pOi»l  and  arrangtHl  with  grvMives,  so  that  when  the  meirury  is  thi*own  to 
the  top  of  tliis  incline  by  the  action  of  the  blade,  in  running  Imck  into  the 
[HH>1,  it  travels  slowly  over  a  ci>nsiderable  sei*tii»n  of  the  east  in^n  and 
leaves  any  inipuritii's  that  it  might  have  contaiiuHl  in  them. 

*'The  1h»x  is  arranginl  to  Ih»  air-tight,  and  the  jK't  rin-k  is  fasteneil 
in  the  lid,  by  means  of  whi<*h  the  mercury  i»r  any  i»ther  liquid  can  be 

^  Ari'hiYt*:^  i»f  the  Koni-'en  luiv,  Jan..  UhV;. 
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piniiliU  iiitu  the  interior.  It  has  lieeu  fuuDil  tluit  when  the  proper  ainoiiiit 
of  uiert-ury  is  i)la<!ed  iii  tlie  pool  anil  a  few  droiw  of  wood  alcohol  added, 
after  the  first  alight  explosion  bLkes  pliice,  the  interrupter  will  run  along 
vithout  any  sparking,  and  consequent  oxidatit^in  of  the  mercuiy,  and 
break  run-enta  of  considerable  magnitude,  as  much  as  40  or  50  amperes. 
The  quality  of  the  spark  obtaiuoil  from  the  secondary  of  an  iudnction 
coil  with  this  amount  of  current  flowing  through  its  primary,  is  surpris- 
ingly thick  and  heavy,  and  the  discharge  is  of  exactly  the  light  ([uality 
to  produce  the  results  in  radiography.  When  the  alcohol  exjjlodes  in 
the  box,  there  is  a  slight  pressure  proiluced,  which  is  retained,  owing  to 
the  HJr-tight  quality  of  the  box,  and  the  interrupter  will  run  along  indefi- 
iiitely  with  aljsohitely  no  attention.  If  any  irregularity  of  the  secondary 
sparking  is  noticed,  all  that 
is  ne<;e88ary  to  do  ia  to  opeu 
the  pet  cock,  pour  in  an  ounce 
or  so  of  mercury  and  a  dozen 
or  fifteen  drops  of  wood  alco- 
hol, close  the  pet  cock,  and 
the  interrupter  is  reiidy  for 
use  again.  This  interruiUer 
will  run  for  a  long  time  with- 
out interior  cleaning,  which 
cau  be  readily  aca^)mpli5hed 
without  taking  apart,  by  un- 
screwing  a  plug  in  the  bottom 
of  the  box,  letting  the  mer- 
cnry  drain  out,  and  filling  the 
box  with  water  and  giving  it 
two  or  three  vigorous  shak- 
ings. After  draining  the 
water   out,    the   ping    is   re-  in.  ;i -i\,.(ihl1i  iiinrnii'W 

phtced  tightly,  and  some  fresh 
mercury  ailded,  when  it  is  ready  for  another  three  or  four  months'  use." 

lu  the  jH  interrupter,  a  jet  of  mercury  impinges  upon  a  rotating 
metallic  surface.  The  jet  carries  the  current,  and  the  length  of  cmituct 
can  be  regulated  according  to  the  openitor'a  demands  by  elevating  or  low- 
ering the  cont.Tct  plate  relatively  to  the  jet.  The  break  is  instantaneous 
and  complete. 

The  eltiiroli/tir  iuterntprrr^  iin;  siilKliviiled  as  follows  :  HWi/t'7/  :iiiil 
the  Caldieell  mid  Simon. 

This  tyi«)  of  intciTUptcr  dcijends  upon  the  foi-malion  of  gas  bubbles 
tit  the  poUs  of  an  ele«!trolytic  celL 

The  electrolytic  ^'break''  of  Wehaelt  tFig.  74),  the  most  rapid  of  all 
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interrupters,  consists  of  a  jar  holding  tlie  electrolj'ti;  [ililute  sulphurii 
arid  b.  g.  lOlG  to  1020'),  a  plate  of  lead  (the  cathode),  aud  a  piece  of 
pliitiiiiiiu  insulated  except  at  its  extremity  (the  anode),' 

The  greater  the  quantity  of  sulpliurtc  iicid  employed,  the  greater  the 
current  and  the  better  the  contUictor,  A  steady  electro -motive  force  of  at 
lejist  2i  volta  is  applied  to  the  interrupter,  aiTimgcd  in  series  with  the 
primary  circuit  of  the  coil.  Should  the  platinum  not  constitute  the 
anode,  the  interruptions  will  not  be  sharp  and  regular,  TTnder  those  cou- 
ditions  the  platinum  is  very  rapidly  consumed. 

One  of  the  advantages  of  this  interrupter  is  that  either  a  coutinuous 
oi'  alternating  enrrpnt  csvu  lie  employed.  It  likewise  obviates  tlin  use  of 
the  condenser,  and  in  many 
instances  the  rheostat.  An- 
other advantage  is,  that  it 
iillows  tremendous  amounts  of 
!vni|)eragp  to  Imism  to  the  pri- 
mary coil,  averaging  any- 
wlicre  from  fiftcou  to  forty 
amperes. 

The  number  of  interrup- 
tions in  this  break  \'aric8  from 
1000  to  40,000  per  minute, 
iiuil  is  depeudeut  upon  the 
.size  of  the  exjiosed  portion  of 
the  platinum  itoint.  This  can 
be  i-egulated  by  presenting  a 
larger  surface  either  by  means 
of  a  screwing  device,  or  by 
scvcnil  tbickucHSes  of  these 
I"iints  in  the  same  electrolyte. 
-    -,-  ,  Tlio  rate  of  interruption  can 

be    ganged     by    the   tnuing- 

Flo.  75.— Bimmi  interrupter.  -     ,  .,  i.       ^      _ 

fork ;  i»r  as  the  result  of  ex- 
perience, the  operator  recognizing  ii  pef^uliar   himiming,  musical  note. 

A  recent  device,  addeil  to  this  iustrumeut,  is  a  spiral  leaden  tube, 
which  acts  as  the  cathode,  and  as  the  sulphuric  acid  (electrolyte)  becomes 
warm  the  interruptions  cestse  to  lie  regular,  and  water  from  a  faucet  is 
passed  through  the  tubing  in  order  to  cool  the  electrolj-te. 

In  the  film  variety  of  the  Wehuelt  interrupter,  the  interruptions  are 
brought  about  by  the  prixluction  of  a  non-conducting  film  of  vaporor  gas 
around  the  anode.    The  effw-ts  produced  are,  in  a  measure,  propoitionate 

'In  1899  Wehnel1,of  Charlotteuburg,  first  applied  the  above  principles  lo  the 
MtieiHctory  worting  (if  the  X-ray  coil. 
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to  tlie  tUcknesn  of  tlie  wire,  so  tliut  tlio  eiuploj'iiieiil  of  tlin?e  oi-  more  v 
of  differeut  gauges  is  often  exiiedieut.    Most  adiautage  is  gained  with  an 
E.  M.  F.  of  50  to  120  volta.    Tlie  voltage  is  regulated  by  meaua  of  a  rheo-   ' 
Stat.     For  short  runs  a  voltage  of  40  to  100  volts  is  all  that  is  required, 
but  its  eraployuieiit  must  be  for  a  brief  interval  only.     To  continue  for  a 
half  hour  or  au  hour  would  cause  the  generation  of  great  heat  in  the  acid, 


m  by  tllherllie  direct 


with  a  stoppage  of  the  mechanism.  To  avoid  this  drawljack,  many  devices 
have  been  employed.  Among  the  most  important  are  the  use  of  the  sul- 
phates of  magnesia  and  potash-alum  in  place  of  the  acidulated  solution, 
and  also  by  making  the  container  ku^er,  and  through  it  maintaining  a  flow 
of  cold  water.  This  type  of  interrupter  is  easily  managed;  it«  most  pro- 
nounced disadvantage  is  its  constant  linmming  sound,  while  its  very  high 
E.  M.  F.  has  a  tendency  to  disturb  the  vacuum  of  the  CiXMikes  tul»e. 
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There  are  very  many  varieties  of  the  electrolytic  interrupter, 
numerous  modifications  of  the  Wehnelt,  bearing  various  names. 

(MdtoeUand  Simon. — In  1899  Mr.  E.  W.  Caldwell,  of  New  York,  and 
Dr.  H.  T.  Simon,  of  Berlin,  simultaneously  and  independently  of  ejich 
otlier,  had  published  the  description  of  a  new  type  of  electrolytic  inter- 
rupter, the  principle  involved  being  the  production  of  interruptions  by 
the  vaporization  of  the  electrolyte  at  the  aperture  connecting  the  two 
chambers.  The  apparatus  consists  of  a  glass  jar  containing  dilute  sulphu- 
ric acid,  with  two  plates  of  lead,  one  for  the  anode  and  the  other  for  the 
cathode.  A  partition  of  glass  or  porcelain,  containing  a  hole,  separates 
these  two  plates  and  at  the  same  time  allows  the  communication  of 
the  liquids  in  the  two  portions  of  the  cell.  The  frequency  of  the  inter- 
ruptions is  dependent  upon  the  strength  of  the  current,  the  size  of  the 
aperture,  the  resistance  offered  by  the  electrolyte,  and  to  some  extent 
upon  the  inductance  of  the  circuit.  A  pointed  rod,  non-conducting  in 
nature,  regulates  the  number  of  interruptions  by  increasing  or  decreas- 
ing  the  calibre  of  the  aperture.  The  electrolytic  action  results  in  the 
generation  of  bubbles  of  gas  (steam),  which  break  the  circuit ;  these 
bubbles  are  almost  instantaneously  dissipated  and  then  renewed,  their 
frequency  being  somewhat  dependent  upon  the  size  of  the  aperture. 
More  recently  the  septum  between  the  two  containers  has  been  made  of 
perforated  porcelain  disks,  in  order  to  prcA'ent  the  damage  incident  to 
\h!^  inner  tube,  from  the  unequal  expansion  of  the  glass  of  which  it  was 
formerly  made. 

Dr.  Simon  claims  that  the  advautiige  of  his  interrupter  (Fig.  75) 
over  the  Wehnelt  is  to  be  found  in  it*s  being  independent  of  the  current 
direction,  working  eiiually  as  well  with  the  alternating  ius  with  the  contin- 
uous current ;  Ix^cause  in  the  Caldwell -Simon  interrupter,  the  watery 
vapor  is  periodically  evolved  and  followed  each  time  by  condensjition, 
and  thus  the  current  is  alternately  made  and  broken. 

A  ust^ful  electrolytic  interrupter  is  shown  in  Fig.  76. 

D.  Varieties  of  Induction  Coil. 

(aj  Yariahlr  Primnnj  Induction  Coils. — Walter,  of  Hamburg,  eon- 
structe<l  induction  coils  with  a  variable  nuinl>er  <)f  sections  for  the  pri- 
mary, in  ()rd(»r  to  obtain  the  pro]xu*  quality  in  the  secondary  discharge. 
This  he  effected  by  arranging  the  windings  of  the  primary  coil  in  a  num- 
V)er  of  sections,  and  p;ussing  the  current  thnnigh  a  greater  or  lesser  number 
of  these  divisions  jus  he  rcquire<l  more  or  less  current.  Each  of  the  coil 
windings  can  ])e  connected  in  scries,  in  two  groni)s,  or  in  i)arallel.  These 
windings  end  in  wires  to  form  contacts  at  one  side  of  the  i>rimary  coil. 
Upon  these  conta<*ts  are  ])laced  pins  which  support  plugs,  and  so  arranged 
as  to  effect  the  desin^l  connection  l)etween  the    terminals  of  the  coil 
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endings.  By  connecting  the  windings  in  series  i^for  soft  tubi^),  the  self 
indnction  of  the  primary  coil  is  much  augmentiHl.  By  connei*ting  in 
parullel  (for  hard  tubes),  or  in  two  grou[)8  (for  tubes  of  uieilium  density), 
self  induction  is  materially  decreased. 

The  primary  coil  is  covered  with  an  insulator  of  glass,  ebonite,  par- 
affin, etc.  This  coil  is  freciuently  manufsictunMl  in  a  varying  number 
of  sections  or  divisioas  so  that  it  c;in  be  replaced  at  pleasure  within 
the  secondary  coil,  and  be  renewe<l,  at  any  time,  thus  obviating  the 
unnecessary  exi)ense  of  providing  for  the  cost  of  the  entire  coil. 

The  secondary-  circuit  must  be  i)erfectly  insulated  ;  lack  of  this  most 
important  provision  will  result  in  discharges  within  the  apparatus,  fusing 
the  wire  and  destroying  the  coil.  Tlie  insulating  material  used  may  be 
paraffin,  varnish,  wax,  or  silk.  Wliatever  substance  be  used,  the  seA'enil 
layers  of  wires  which  are  already  of  themselves  well  insulated  must  be 
likewise  insulated  from  one  another. 

A  wise  expedient  in  this  connection  hiis  been  the  device  of  employ- 
ing several  short  secondary  coils  in  place  of  a  single  s(H*ondary  coil.  This 
artifice  insures  better  insulation,  easy  repair  in  the  event  of  short- 
circuiting,  and  the  lessened  cost  incident  to  replacement. 

The  Jumbo  Coil. — This  coil,  owing  to  its  mechanical  arrangement,  does 
not  throw  more  than  a  9-inch  spark  (23  cm. ),  thus  making  it  nwessary  to 
insulate  only  for  the  voltage  equivalent  for  that  spark  length.  This  saves 
much  valuable  space,  and  it  is  therefore  possible  to  use  more  iron  in  the 
primary  core,  as  well  as  heavier  wire  on  both  primary  and  sec*ondary, 
which  are  also  brought  into  closer  proximity  to  each  other.  In  this  way 
the  efficiency  is  so  incrcjised  that  when  running  on  110  volts  direct  current, 
it  will  push  50  per  cent,  more  energy  through  a  tube  backing  up  three 
to  four  inches  parallel  spark-gap  than  any  standard  20- inch  (50-cm.) 
coil.     (See  Fig.  101.) 

By  means  of  the  A'^ariable  inductance  of  the  primary,  the  value  of 
which  is  changed  by  moving  a  switch,  it  is  ejusy  to  luljust  the  voltage 
delivered  by  the  coil  to  suit  the  resistance  of  the  tube  binug  used,  so  as  to 
force  the  greatest  amount  of  X-ray  producing  energy  through  it. 

The  switch-board  is  provided  with  a  voltmeter  and  ammeter,  a 
switch  for  making  connection  for  use  of  either  the  meebani<*al  or  electro- 
lytic interrupter,  a  condenser-switch  use<l  in  connection  with  the  mechan- 
ical interrupter,  a  reversing- switch  to  change  the  polarity  of  the  dis- 
charge, and  a  regulating  rheostat. 

The  usual  method  of  operation  is  to  connect  the  tuln*  to  the  coil,  si^t 
the  inductance  switch  at  point  nunilxT  (\  maximum  inductance,  (*<ninect 
the  interrupter  desired,  close  the  reversing-switch  so  as  to  allow  the 
current  to  pass  into  the  primary,  and  adjust  the  current  by  means  of  the 
regulating  rheostat. 
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If  the  tabe  does  uot  light  up  properly,  the  currcut  is  thrown  off,  tlie 
indnctauce  switch  cliaiiged,  aud  the  tube  excited  agiUii.  This  udjustmeut 
is  very  simple,  aud  the  proper  iuductuuce  for  any  tube  for  skiagniphy  or 
for  X-ray  therapy  is  readily  obtained. 

(b)  Tesla  Coil. — Tlie  Tesla  coil  became  universally  kuown  when 
Boutgen's  discovery  was  first  verified  throughout  the  civilized  world. 
The  alteruating  currents  resulting  from  the  action  of  this  device  are  of 
exceedingly  high  frequency  (10  to  20  millions  per  second)  as  comiKired 
with  the  RuhmkorO'  coil  with  mechanical  contact  breakers ;  whilst  the 
induced  secondary  electro-motive  force  of  the  Te»la  coil  is  hundreds  of 
thousands  of  volts.  Compsirable  to  the  rapidity  of  oscillations  thus  pro- 
duced, is  the  dischai^  of  a  condenser  or  Leyden  jar.     These  discharge 
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cnrreut.s  are  nia*lc  to  pass  thi-oogli  the  primary  of  an  induction  coil,  devoid 
of  the  usual  ii-on  core.  The  primary  is  mmlo  up  of  a  very  few  turns  of 
thick  wire ;  the  setwidary  has  companitivcly  only  a  few  turns  of  wire. 

So  great  is  the  elect I'o-motive  force  that  the  avcniije  non-conductor 
would  fail  to  effect  in.suIation  ;  lioiice  the  necessity  of  immersing  the  whole 
coil  in  an  oil  hath  from  which  only  the  prinmry  and  secondary  wires 
1  trot  rude. 

For  charging  the  condouser,  it  I)ecroines  necessary  to  pass  tlie  alter- 
nating puri-ent  through  a  transformer,  which  mise.s  its  prcssui-e  to  about 
6000  volts.  The  existence  of  a  bright,  snappy  spark,  in  the  adjustable 
spark-gap,  indicates  the  discharge  of  the  condenser. 

The  employment  of  the  Ix^vclen  jar  is  fi-.iught  with  much  danger,  if 
care  is  uot  taken  to  make  the  primary  circuit  inaccessible.  On  the  other 
hand,  sparks  taken  from  the  secondary  of  a  Tesla  coil  an'  innocuous;  but 
the  intense  and  continnous  crackling  produced  by  th<'  priiujir^-  .-ipark-gap 
is  fretiucntly  terrifying  to  nervous  patients  and  children. 

Tesla  Oxfithihii:  (Figs.  77,  78.) — This  deviii'  consists  ofthi-ec  parts  : 
A  I'ei-tical  elect n>- magnet.  mcII  wound  very  many  times  with  stont  wire, 
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• 
possessing  much  self-induction.     A  condenser,  which  is  charged  by  the 

self-induction  of  the  electro-magnet  on  breaking  the  circuit  which  dis- 
charges into  the  primary  of  the  horizontal  transformer.  The  latter  is 
composed  of  a  single  turn  of  copper  ribbon,  about  six  inches  wide,  and 
its  secondary  consists  of  one  layer  of  thick  wire. 

The  working  of  the  oscillator  is  as  follows  :  The  current  from  the 
terminal,  Tj,  magnetizes  the  electro-magnet,  M,  which,  in  attracting  its 
armature,  breaks  the  circuit  at  B,  and  the  high  electro-motive  force,  due 
to  the  magnet's  self-induction,  charges  the  condenser  C.  The  discharge 
being  extremely  rapid  and  oscillatory  and  flowing  through  the  primary, 
P,  has  its  voltage  increased  in  the  secondary,  S.  The  rate  of  vibration 
should  be  tuned  below  one  hundred  per  second.  The  oscillator  is,  for 
some  unknown  reason,  not  put  upon  the  market.  In  the  laboratory  it  is 
found  to  be  inexpensive,  compact,  and  very  durable ;  the  absence  of  any 
delicate  wire  and  the  general  construction  of  the  device  afford  almost 
indefinite  immunity  against  any  disturbance  of  its  insulation ;  but  for 
skiagraphic  work,  special  tubes  are  demanded,  because  of  the  alternating 
current  generated  by  the  oscillator. 

.  (c)  Kinraide  Coil, — The  Kinraide  coil,  the  ingenious  invention  of 
Mr.  T.  B.  Kinraide,  of  Boston,  is  a  special  modification  of  the  Tesla  coil 
and  possesses  many  features  of  merit.*  Among  other  things  Mr.  Kin- 
raide remarks  :  ^'The  coil  I  have  succeeded  in  making  was  the  result  of 
the  repeated  breaking  down  of  the  Ruhmkorff  coils,  ranging  from  six 
to  eighteen  or  twenty  inches.  I  have  succeeded  A^ery  well  in  removing 
from  the  apparatus  the  danger  of  destruction  so  common  to  the  ordinary 
Ruhmkorff  coils,  et<*.  My  object  was  to  remove  the  high-potential 
region  of  the  coil  as  far  as  possible  from  the  primary.  In  my  coil  this 
has  been  done,  the  low  potential  region  of  the  single  coil  being  the  only 
part  it  could  come  in  contact  with  *  *  *  *  w^^  moment  the  current 
is  broken,  the  lines  of  force  collapse  and  fall  inward  in  the  direction  of 
the  arrows.  (Fig.  79.)  In  this  way  the  highest  potential  is  produced 
in  the  outer  terminal  of  a  thin  flat  spiral  secondary,  if  located  in  the 
plane  of  the  arrows,  and  the  low  potential  at  the  centre.  By  that  method 
of  winding,  as  the  turns  grow  longer,  the  resistance  per  turn  increases, 
and  the  tendency  of  the  discharge  to  pass  from  one  turn  to  the  other  in- 
creases. If  a  suitable  primary  were  placed  on  the  outside  of  this  second- 
ary, the  reverse  would  be  the  case,  and  hence  the  tendency  to  break  down 
would  be  entirely  removed  in  the  section  of  the  secondary.  In  my  coil 
this  is  the  arrangement  adopted,  and  the  lines  of  force  fall  away  from  the 
centre  towards  the  primary  in  the  direction  of  the  arrows  in  Fig.  80,  pro- 
ducing a  very  high  potential  at  the  centre,  and  practically  very  little  or 

*  American  Electro-Therapeutic  Association,  held  at  Buffalo,  New  York,  Septem- 
ber 24-26, 1901. 
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110  potential  at  the  outer  turus,  so  that  the  ceutre  dischargee  in  the 
proportion  of  utH>ut  six  inches  tovarda  the  earth  wire  whilst  the  oater 
terminal  dischargfs  alwiit  three-fourths  of  an  iui-h  only.  To  remove  all 
tendency  of  disc^harge  towards  the  primary,  two  of  these  coils  were  placed 


older  form  of  coll. 


side  by  side  (see  Fig.  81).  The  two  primaries  are  so  arranged  that  a 
high -potential  positive  and  negative  is  obtained  from  the  centre  terminals 
of  the  secoudariea  There  is  practically  no  tendency  whatever  in  this 
form  of  coil  to  break  down." 


In  order  to  pivsciit  in  a  clejir  mid  terw  ni;iiiiier  the  iM-ciiliaritles  and 
advaiitsigos  juissessetl  by  this  recent  invention,  it  is  thonght  wisi'  to 
append  llic  folluwiiif;  abridfjed  dcscrijition. 

Tlie  coil  cnnsisls  of  two  scpanitc  sci-ondarics  with  their  primaries 
connected   in   series.     Eacli  Moi-ondar>-   has  a   high-   aii'l   low-iwtential 
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tcrmiDal,  due  to  tlie  positioii  and  the  method  of  wiuding  tlie  primary. 
The  primary  is  located  outside  thu  secondary  wiudiug.  The  secoudaries 
are  wound  in  siugle  flat  disks  and  lie  iu  the  same  plane  as  the  primaries; 
with  this  method  of  construction  the  discharge  from  the  two  terminals  is 
vastly  ditferent.  The  potential  at  the  central  terminal  of  the  secondary 
is  extremely  high,  while  that  of  the  outer  turns  near  the  primary  is  very 
low.  By  connecting  the  outer  terminals  of  two  such  secondaries  in  series, 
the  potential  of  the  outer  turns  entirely  disappears,  hence  there  is  uo 
tendency  to  discharge  into  the  primary. 

There  is  absolutely  uo  beating  in  the  primary  of  the  Kinraide  coil, 
as  is  the  case  with  the  BuhmkorfT,  so  that  the  insulation  cannot  be 
melted,  nor  is  there  heat  generated  where  it  can  in  auy  way  affect  this 
delicate  part  of  the  apparatus. 

A  valuable  feature  is  the  water-cooled  spark-gap.  The  heat  ordina- 
rily developed  in  various  parts  of  other  coils  is  localized  here,  where  it 
can  be  cared  for  without  trouble  or  risk.    In  other  coihi  there  is  a  single 


dischai^  from  every  interruption  of  the  primary  circuit.  With  this 
spark-gap  we  have  a  high-frequency  apparatus  giving  many  hundred  dis- 
charges, or  sui^ngs,  in  the  secondary  for  every  break  or  reversal  in 
the  primary.  This  diminishes  the  time  of  exposure  and  increases  the 
steadiness  of  the  illnmiuation  of  the  screen. 

The  interrupter  is  solid  and  durable,  and  with  the  spark-gap 
embodies  an  entirely  new  principle,  running  at  constant  speed  till  tlie 
motor  is  stopped.  The  alternating  coil  requires  no  interrupter,  but  the 
spark-gap  is  essential.  The  use  of  so  little  wire  in  the  coil  makes  the 
apparatus  compact,  strong,  and  portable.  The  current  consumed  is  aixint 
two  hundred  watts.  It  may  be  attached  to  any  incandescent  lamp  wicket, 
either  direct  or  alternating  current. 
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(d)  Transformer  with  CUmed  ^agn/die  Circuity  for  X-raj|9  amd  High- 
Frequency  CurrenU. — Belot,  in  his  admirable  work  on  Radiotherapy^  thus 
describes  the  above  apparatus  by  Craiffe  &  Co.,  of  Paris: 

^^This  new  apparatus  makes  it  jxissible  to  utilize  an  ordinary  alter- 
nating current,  without  an  interrupter,  either  for  the  production  of 
X-rays  or  for  high-frec|uency  currents.  It  consists  of  an  ordinary  trans- 
former, with  a  closed  magnetic  circuit,  receiving  an  alternating  current 
of  110  volts,  which  it  converts  into  one  of  60,000  volts. 

^^The  current  should  pass  in  one  direction  only.  As  the  alternating 
current  produced  by  this  transformer  changes  its  polarity  with  each 
oscillation,  one  series  of  waves  must  be  absorbed  before  reaching  the 
tube.  For  this  purpose  two  Villard  valves  are  inserted  in  parallel  with 
the  tube  in  a  manner  indicated  by  Villard  himself. 

'^  A  commutator  converts  the  continuous  into  an  alternating  current. 
This  installation  is  equally  adapted  for  high-frequency  work.  It  is  only 
necessary  to  remove  the  Villard  valves  and  insert  the  spark-gap  in  order 
to  adjust  it  for  this  purpose.'' 

I  have  seen  Drs.  B^l^re  in  the  St.  Autoine  and  Chas.  Infroit  in  the 
Salp^tridre  Hospitals  employing  this  apparatus  with  satisfactory  results. 

(e)  Coil  without  Interrupter. — Max  Levy  read  a  paper  before  the 
Rontgen  Congress  in  Berlin  on  a  new  form  of  apparatus  in  which  a  high- 
tension  alternating  current  is  utilized  without  the  interposition  of  any 
interrupter  or  condenser.  The  current  is  made  unidirectional  by  means 
of  a  ^'strom-spalter/-  or  current-sifter, — i,  e,j  a  pair  of  spark-gaps,  by 
means  of  which  one  phase  of  the  alternating  current  is  conducted  to  the 
earth  while  the  other  is  used  for  driving  the  focus- tube.  The  author 
expressed  the  opinion  that  within  the  next  few  yeiirs  we  shall  see  the 
total  abolition  of  interrupters  for  high-tension  currents.  I  haA^e  seen 
the  ('nHjkes  tul>e  well  lighted  up  in  his  laboratory  in  Berlin. 

Tratisforvwrs, — Koch  and  Sterzel,  of  Dresden,  exhibited  before  the 
Berlin  R<)utg(*n  Congress,  a  transformer,  by  means  of  which  a  constant 
current  is  transformed  into  an  alternating  current  through  the  agency  of 
a  dynamo,  which  drives  the  secondary  current- rectifier  on  the  same 
spindle,  thus  insuring  synchronism.  A  step-up  transformer  with  closed 
magnetic  circuit  is  used. 

The  (rvisson  ResomUor.^ — This  is  a  device  for  dispensing  with  the  use 
of  ail  int(Truptcr,  and  thus  doing  away  with  the  ^^make"  current,  which 
is  so  destructive  to  the  focus-tubes.  A  condenser  of  large  capacity  is 
fitt^id  with  a  coniniutator,  and  so  arranged  that  it  is  charged  alternately 
to  a  i)ositive  ami  negative  i)0tential.  This  is  connected  to  the  primary 
of  an  induction  coil,  whose  self-induction  is  so  adjusted  to  the  capacity  of 
the  condenser  that  n'sonance  is  obtained.     When  this  is  connected  to  a 
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source  of  constant  current,  unidirectional  impulses  pass  through  the  pri- 
mary, and  these  are  transformed  in  the  secondary  to  the  necessary  tension 
required  for  working  the  focus-tube. 

Since  at  the  end  of  each  discharge  the  potential  of  the  condenser  falls 
to  zero,  there  will  be  no  spark  when  the  commutator  is  reversed.  We 
are  therefore  able  to  use  a  simple  mechanical  commutator,  consisting  of 
a  massive  copper  collector,  with  two  rotating  rings  connecting  its  plates. 
The  current  is  conducted  to  these  rings  by  means  of  contact  brushes. 
This  commutator  is  rapidly  rotated  by  an  electro-motor.  The  primary  of 
the  induction  coil  is  introduced  between  the  electric  source  and  this  com- 
mutator. When  the  circuit  is  first  closed  there  is  a  sudden  rush  of  elec- 
tricity through  the  coil,  the  current  instantaneously  attaining  a  maximum 
value.  As  the  condenser  becomes  charged,  the  intensity  of  the  current 
gradually  decreases  to  zero.  When  this  has  occurred  the  commutator 
will  break  the  circuit  without  any  sparking  (since  there  is  no  current). 
As  the  commutator  makes  contact  again  with  the  opposite  plate  of  the 
condenser,  there  will  be  another  sudden  rise  to  the  maximum  current, 
followed  by  a  gradual  fall  to  zero,  as  this  plate  now  becomes  charged  to 
the  potential  of  the  source.  The  contact  is  again  broken  after  the  cur- 
rent has  fallen  to  zero.  The  primary  of  the  induction  coil  is  thus  trav- 
ersed by  a  series  of  undirectional  impulses,  each  of  which  rapidly  attains 
a  maximum  value,  and  then  very  gradually  falls  to  zero — ^the  ideal  form 
of  current  for  obtaining  a  practically  unidirectional  current  in  the  sec- 
ondary. A  point  of  interest  is  that  it  is  the  **make"  current  which  is 
utilized  in  this  apparatus,  whilst  the  *' break"  is  suppressed;  whereas 
in  the  ordinary  coil  our  efforts  have  been  directed  to  suppressing  the 
*^make,"  and  utilizing  the  ''break''  current 

II.  Electrical    Discharges    in    Partial   Vacua    and    the    Crookes 
Vacuum  Tube. 

Before  taking  up  a  consideration  of  the  Crookes  vacuum  tube,  it  is 
well  to  observe  that  in  a  low-vacuum  tube  (Fig.  82)  there  is  a  column  of 
luminescence  at  the  positive  pole  and  extending  toward  the  cathode 
which  is  separated  by  a  dark  space  (an  interval  in  the  illustration)  desig- 
nated the  dark  space  of  Faraday.  In  Fig.  83  the  magnet,  AB,  shows 
the  deflection  of  the  rays.  As  the  pressure  decreases,  the  luminosity  in- 
creases in  volume,  and  as  the  pressure  becomes  still  smaller,  the  lumin- 
osity entirely  disappears ;  on  the  other  hand,  as  the  A^acuum  increases, 
there  is  a  marked  production  of  the  cathode  rays  as  shown  in  Fig.  84. 
The  deflection  of  the  cathode  rays  is  represented  in  Fig.  85.  In  Fig.  86, 
the  employment  of  one  concave  cathode  in  the  presence  of  a  number  of 
anodes  is  shown.  As  the  A'^acuum  is  gradually  increased,  the  base  of  the 
cathodic  cone  becomes  successively  narrower  as  depicted  in  2  and  3. 
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The  rectilinear  propagation  of  the  cathode  rays  is  represented  in 
Fig.  87,  where  the  cathode  C  throws  the  shadow  of  the  mica  cross  A 
on  the  wall  of  the  tube  A'.  Around  the  shadow  A'  the  tube  shows  a 
pronounced  phosphorescence. 


5 


Fio.  86.— Illustrating;  the  effect  of  one  cathode  and  several  anodei  under  different  degrees  of 

vacuum.    (Bouchard.) 


A  Crookes  vacuum  tube  is  an  apparatus  wherein  electrical  energy  is 
transformed  into  X-rays.  These  tubes  present  various  shapes  and  modi- 
fications, according  to  the  requirements   demanded.     The  essential  in 
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Fio.  87.— Illustrating  one  of  the  phenomena  in  high  vacua.— the  rectilinear  propagation  of 

the  cathode  rays.    (Bouchard . ) 

the  design  of  an  X-ray  tube  includes  a  cathode  of  such  shape  as  to  focus 
the  cathode  rays  on  a  plate  of  dense  metal,  such  as  platinum,  which  either 
is  the  anode  or  is  placed  near  to  it. 

Fig.  88  is  the  illustration  of  such  a  tube.     The  cathode  rays  repre- 
sented by  the  shaded  area  focus  at  a  point  on  the  anode,  and  at  this  point 
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the  X-rays  originate,  and  from  it  radiate  in  every  direction  in  straight 
lines  as  light  rays  do  from  a  source  of  lights  They  are  represented  by 
broken  lines.  As  platinum  is  not  transparent  to  them,  they  are  found 
only  on  one  side  on  the  plane  of  the  platinum  and  are  practically  of  equal 
intensity  throughout  that  zone.  If  the  platinum  plate  were  absolutely 
true  and  polished  such  would  be  strictly  the  case.  As  it  is,  in  practice, 
the  rays  are  of  equal  intensity  down  to  about  ten  degrees  from  the  plane 
of  the  platinum.  In  the  majority  of  cases  they  are  made  of  German  soda- 
flint  glass,  which  presents  an  apple-green  color,  due  to  the  fluorescence 
produced  by  the   X-rays   under  vacuum,   this  glass  being  extremely 

transparent  to  the  X-rays.  Tubes 
made  of  soft  lead-glass  give  a  pale 
blue  fluorescence,  the  lead  acting  as 
a  barrier  to  the  passage  of  the  rays, 
hence  this  kind  of  glass  is  not  so 
desirable.  Other  varieties  of  glass 
fluoresce  in  different  colors. 

The  tube  consists  of  a  glass  bulb 
^/  ^^     \^  V^^^^'sl"^'    *'^       cx)ntaining  a  single  platinum- faced 

'         '"  target  and  one  or  more  aluminium- 

faced  cathodes. 

The  anodes  and  cathodes  are 
connected  to  outside  terminals  by 
means  of  platinum  wires  which  are 
encaseil  by  the  extended  glass  stems, 
the  latter  being  fused  during  the  pro- 
cess of  blowing.  Oiten  tubes  are  pro- 
vided with  an  auxiliary  anode,  which 
is  invariably  made  of  aluminium. 

In  order  that  the  shadow-picture 
may  be  sharply  defined,  the  cathode 
rays  must  converge  or  be  focused  to 
a  point,  and  to  meet  this  requirement  the  aluminium  cathode  must  pre- 
sent a  concave  surface,  varying  in  diameter  from  J  to  1  inch  (.5-2.5  cm. ). 
The  anode  ( ant i -cathode)  is  made  of  platinum,  and  may  have  a  varying 
diameter,  but  it  is  usual  to  have  its  plane  so  adjusted  as  to  form  an 
angle  of  45  degrees  to  the  cathode.  Placed  in  this  position  the  anode 
behaves  like  a  reflector,  receiving  and  throwing  off  the  rays  emitted  from 
the  cathode.  Platinum  has  a  high  fusing  point,  and  it  is  superior  in 
this  respect  to  all  ordinary  nit^tals;  its  use  as  the  target  for  the  cathode 
])ombardmeut  is  l)ecause  of  its  infusibility.  Very  few  other  metals  may 
be  useil  in  its  place.  The  most  important  of  these  substitutes  is  irid- 
ium, which  is  another  member  of  the  platinum  group  and  has  a  higher 


Fig.  8H.— Essential  features  of  an   X-ray  tube. 
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fusion  point  tliau  x>li^tiuuiii  iUolf.  Oamium,  which  is  ulsi>  an  iiil'ii»iblB 
metal  of  the  same  group,  might  Ite  used. 

Alloys  of  these  uietals,  having  varying  j>erceiitage8,  are  also  used. 

These  infusible  metals  are  to  l>e  biieked  up  by  oi-dinary  metals  such 
as  copper  and  iron,  because  the  latter  are  less  esi>enaive  and  readily  pro- 
vide a  large  radiating  surface  and  theiinal  capacity  for  the  dissiitaliou  of 
the  heat  produced  at  the  focus-point. 

The  aithode  is  uiade  of  aluminium,  l}ecause  this  metal  disintegrates 
least  and  causes  the  least  discoloration  on  the  walla  of  the  tube.  The 
Orookes  tube  contiiiu-s  a  very  high  v-.icuum, — one  millionth  degree  of 
atmospheric  pressure.  In  ordei-  to  exhaust  these  tubes  approximately 
they  are  subjected  to  the  action  of  mei-em-y  pumps.  When  a  sntBeieut 
vacuum  has  been  obtained,  the  small  glass  tube  that  projects  from,  and 
forma  part  of,  the  Crookes  tnbe  is  removed  from  the  pump  receiver,  by 
melting  it  off  and  sealing  it  with  the  aid  of  the  Bunsen  burner, 

A.  The  Varieties  or  Types  of  VicuuM  Tubes. 

(a)  Stalionaiy  Vaciiutii. 

(b)  Self-Regulatinff  and  Regeneratioe.. 

(a)  Slationarff  Vacuuni. — A  tul>e  with  a  stationary  vacuum  is  one 
whose  vacuum  cannot  be  altered  during  its  perio<l  of  usefulness,  TUim 
marks  the  earliest  type.  The  Crookes  tube  was  origiuiUIy  pyriforni 
or  cylindrical,  and  contained  an  aluminium  cathode  within  a  glass  bulb. 
The  cathodal  streams  were  projected  on  the  extreme  opposite  side  of  the 
tube,  producing  a  peculiar  fluorescence.  In  order  to  f(x;us  and  subse- 
qnently  reflect  these  i-ays  Prof.  Herbert  Jackson,  of  King's  College,  Lou- 
don, introduced  Ihe  anode  (anti-cathode)  so  as  to  reflect  the  cathode 
rays.'  To  this  improved  tul»e  he  applied  the  name  "focus"'  tube.' 
The  priority  of  this  modiflcatioii  is  also  claimed  by  8halleubi>rger.*  As 
the  degree  of  vacuum  in  this  type  of  tube  is  liable  to  vary  either  from  u.se 
or  disuse,  there  is  a  coustant  danger  of  its  permanent  impairment.  If 
the  tube  be  too  hard  (high  vacuum),  there  i.s  djiuger  of  puncture,  and 
impossibility  of  X-ray  production.  If  the  tube  be  too  soft  (low  vacuum), 
the  rays  will  lack  the  required  penetrability. 

(b)  Self- Regulating  and  Regeiteratii'e. — lu  this  type  of  tube  the  degree 
of  vacuum  is  changed  either  automatically  or  by  the  operator,  thus  allow- 
ing \-arious  modifications  in  the  penetrability  of  the  rays.  This  can  be 
effected  by  the  action  of  gases  derived  from  absorbent  substances  ;  founded 
on   the  principle  that   certain  chemicals, — caustic   potjvsli,   jmlladium, 

'  Jackson  waa  the  firet  eiperinienter  to  employ  a  curved  cathixle. 
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permanganate  of  potassium,  ete., — when  placed  in  an  auxiliary  bulb 
(low  vacuum),  liberate  gases  upon  the  application  of  heat  and  reabsorb 
them  upon  cooling. 

In  1896,  Mr.  L.  T.  Sayen,  of  Philadelphia,  devised  a  self-regulating 
tube  which  has  been  placed  on  the  market  by  Queen  &  Co.  Its  principles 
are  as  follows :  A  small  bulb,  containing  a  chemical  giving  off  vapor  when 
heated  and  reabsorbing  it  when  cool,  is  directly  connected  to  the  main 
tube,  and  surrounded  by  an  auxiliary  tube,  which  is  exhausted  to  a  vacuum 
of  low  resistance.  In  the  auxiliary  tube  the  cathode  is  opposite  the  above 
mentioned  bulb,  so  that  any  discharge  through  it  will  heat  the  bulb  by 
the  bombardment  of  the  cathode  rays.  The  cathode  is  connected  to  an 
adjustable  spark  point,  the  end  of  which  may  be  swung  to  any  desired 
distance  from  the  cathode  (main)  tube.  The  coil  is  connected  as  usual 
te  the  main  tube,  which  has  been  exhausted  to  a  very  high  vacuum,  and 
consequently  has  a  resistance  equal  to  ten  inches  or  more  of  air.  When 
it  is  put  in  operation  the  high  vacuum  of  the  main  tube,  and  the  conse- 
quent high  resistance,  causes  the  current  to  take  the  path  of  least  resist- 
ance by  the  spsirk  point  and  the  auxiliary  tube,  and  to  heat  the  chemical 
in  the  small  bulb,  thereby  driving  off  the  vapor  which  it  contains  into 
the  main  tube.  This  will  continue  for  a  few  seconds  until  a  sufficient 
amount  of  vapor  has  been  driven  into  the  main  tube  to  permit  the  cur- 
rent to.  go  through  it,  which  occurs  when  the  vacuum  has  been  reduced, 
until  the  resistance  of  the  main  tube  is  equal  to  that  of  the  spark-gap 
plus  the  small  resistance  of  tlie  auxiliary  bulb.  After  this  only  an 
occasional  spark  will  jump  across  the  gap  to  counteract  the  tendency 
of  the  chemical  to  reabsorb  vapor  and  raise  the  resistance  of  the  main 
tube.  The  tube  is  thus  maiutaintnl  at  a  constant  vacuum  while  ruuuin<r. 
When  the  current  is  stopped,  the  tube  returns  to  its  starting  condition  of 
high  ViU'Uum. 

The  construction  of  the  tul)e  should  be  understood  l)efore  used,  and 
is  Jis  follows  ( Fi<^.  80):  Tlie  lar^e  bulb  **B"  contains  the  main  cathode 
and  platinum  reflecting  plate.  The  regulating  bulb  ^'D"  is  connected 
with  the  main  bulb  ^^B."  The  cathode  '^C  in  the  main  bulb  is  com- 
posed of  hammered  aluminium,  moulded  to  an  exact  curve  of  such  ra- 
dius that  it  focusc\s  the  cathode  stream  on  the  anode  '^A,"  which  is 
conipos<Hl  of  platinum,  and  is  the  point  of  emission  of  the  X-rays. 

Bull)  '^B''  is  exhausted  to  a  high  vacuum,  so  that  initially  no  elec- 
trical discharge  will  i)ass  through  it.  Bulb  ''!)*■  is  exhausted  to  a  low 
Crook<\s  vacuum. 

Within  bull)  ''1)"'  is  a  small  pear-shaiXHl  bulb  '*X,"  in  communica- 
tion with  bulb  ^'B''  and  containing  a  chemical  capable  of  giving  off 
vapor  wluMi  heated  nud  ivabsorhing  it  when  coohnl.  A  small  cathode  in 
bulb  '^D*'  is  arranged  so  that  the  discharge  will  hciit  this  bulb   *'X.'' 
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Attached  to  this  cathode  is  an  adjusting  spark-point  ^^P,"  the  end  of 
which  may  be  swung  to  any  desired  distance  from  the  terminal  of  the 
cathode  <^C." 

When  put  in  operation  the  high-potential  secondary  current  will  not 
initially  pass  through  the  bulb  '^  B"  on  account  of  its  high  vacuum,  but 
chooses  a  path  from  *'K"  to  ^^P,"  through  the  bulb  "D,"  heating  the 
chemical  in  the  small  bulb  ^^X,"  causing  vapor  to  be  given  off  and  re- 
ducing the  vacuum  in  the  main  bulb  **B"  until  finally  it  becomes  suffi- 
ciently lowered  so  that  the  discharge  passes  through  the  bulb  '*B" 
entirely,  producing  X-rays  from  the  plate  ''A.-' 

Let  the  spark-point  '*P"  be  separated  about  three  (3)  inches  from 
terminal  "K."  Start  coil  with  small  current  flowing  through  primary 
until  sparks  b^in  to  jump  vigorously  between  *<P''  and  '*K."     Then 
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K--- 
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Fig.  89.— Queen's  self-regulating  tube. 


open  the  x>rimary  circuit  without  changing  its  adjustment.  Immediately 
close  again  for  a  second  or  so,  the  spark  passing  from  ^^P"  to  ''K" 
through  and  lighting  up  the  small  regulating  bulb  **D."  Continue,  alter- 
nately, opening  and  closing  the  primary  circuit,  allowing  the  regulating 
bulb  **X"  to  heat  slowly  until  a  green  light  begins  to  show  in  the  main 
bulb  ^*B."  Hold  primary  circuit  open  for  a  second  or  two,  close,  and 
the  bulb  **B"  will  then  automati«illy  maintain  its  vacuum  at  the  set 
point,  the  primary  current  may  be  increased  to  the  full  capacity  of  the 
tube,  while  only  an  occasional  spark  will  pass  between  *<p-'  and  '^K.'' 
If  the  bones  appear  in  fluoroscope  too  black,  make  the  gap  between  ^^  p  " 
and  ^^K"  greater.  If  not  enough  distinction  between  bones  and  flesh, 
make  less. 

When  tube  is  running  properly,  the  main  bulb  will  be  filled  with  a 
brilliant  green  light,  with  a  sharp-cut  zone  through  the  plane  of  the 
platinum  plate,  the  upper  section  being  more  brilliant  than  the  lower. 
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Miiller,  of  Homburg,  and  K  Dacretet,  of  Paiis^  have  broaght  forward 
a  tube,  resembling  in  many  respects  the  Sayen  tube,  but  differing  from  it 
in  that  the  regulating  discharge  passes  directly  into  the  auxiliar}^  tube  ; 
the  latter  containing  caustic  potash.  (Fig.  90. )  When  the  vacuum  in  the 
main  tube  becomes  too  high,  and  consequently  the  resi.stance  too  great, 
the  current  i>a8ses  into  the  auxiliary  chamber,  whereby  the  i)otash  be- 
comes heated  and  emits  va]K>r  ;  this  vapor  diffuses  itself  through  the  main 
tube,  thus  lessening  the  too  great  resistance.  Attached  to  the  auxiliary 
circuit  is  a  lever  that  r^ulates  the  interval  of  the  spark-gap ;  the  more 
distant  the  lever  from  the  cathode  of  the  main  tube,  the  higher  the  vac- 
uum in  that  tube  ;  the  nearer  the  cathode,  the  lower  the  vacuum. 

Should  the  resistance  in  the  main  tube  be  in  excess  of  that  of  the 
spark-gap,  the  current  takes  the  path  of  lesser  resistance  and  passes 

J+       B      C  C 
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Fig.  90.— Miiller'sresrulfttion  tube. 

tlirough  the  side  tube.  The  i>resence  of  sparks  in  tlie  spark-gap  shows 
that  the  process  is  i)roceediug.  Should  tlie  vacuum  in  tlie  maiu  tul>e  l)e- 
come  too  low  (soft),  disconnect  the  wire  from  the  anode  of  the  main  tul>e 
and  attach  it  to  the  terminal  of  the  electrode  in  the  auxiliary  eliamber. 
The  discharge  that  passes  under  this  adjustment  aiuses  metallic  particles 
to  be  driven  against  the  sides  of  the  tul)e  and  the  generation  of  more  gjis 
to  ])e  occluded  on  the  electrode  (auxiliary).  Thus  the  vjicuum  of  the 
tube  may  be  materially  raised. 

In  order  to  clarify  the  alx)ve  statements,  it  may  he  stated  that  the 
auxiliary  tube  ^^  B  • '  contains  an  electrode,  ^M^,"  of  a  substance  which  will 
give  off  a  certain  quantity  of  ga>s  by  the  electric  discharge  passing  through 
it,  and  will  thus  lower  the  vacuum.  This  is  effected  by  approaching  the 
wire  **E''  to  the  cathode  ^"^K"  and  thus  permitting  the  spark  to  pass. 
In  case  an  even  degree  of  hardness  is  to  l)e  maintained,  the  distance  of  the 
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wire  "  E"  from  '-K"  forhiird  rays  (diagnima of  tJie  pelvis)  is  10-11  em., 
for  soft  rays  (diagnuns  of  the  huud)  .T-T  cm-,  for  tivatmeot  even  Iisjs. 
Tlie  workiug  of  the  "  Miiller  regulatiou"  loay  Iw  observed  by  the  sparJts 
piisaing  IwlwOL'ii  "E"  aud 
"K."'  As  soon  aa  this 
Htoi)8,  the  tube  has  the  de- 
sii-ed  degi'ee  of  vjicuum  aud 
will  maiDtuiu  the  saiue  au- 
tomatically by  iiu  ocfsLsioiial 
spark  jumping  over  and 
reducing  the  vacuum,  as 
soon  US  the  latter  shows  a 
feudeuey  to  rise.  In  case 
the  automatic  way  of  lower- 
ing the  va^^unm  should  re- 
quire too  mueh  lime,  it  can 
be  hafiteued  by  either  ap- 
proaching the  wire  "E"' 
eveu  closer  to  "K,"  or 
filially  eonuecfiug(  he  nega- 
tive pole  to  the  loop  "  C." 
lu  this  latter  event  sjieeial 
caution  is  recomnieuded,  iis 
tubes  easily  become  loo 
soft,  and  a  Iianlening  is 
more  difficult. 

Hardening  a  tube  is 
eDTected  by  changing  the 
positive  pole  from  "G"  to 
"J"  and  removing  the 
wire  "E"  far  off  from 
"K."  ^\'heu  the  current 
is  now  turned  on,  it  will 
scatter  atoms  of  the  metal 
of  the  elceti-ode  "J,"  thus 
reabsorbing  part  of  the  gas 
of  the  tube.  This  process 
requires  np  to  5  minutes, 
according  to  the  vacunni, 
and  may  have  to  be  repeate<l.  It  is  not  advisable  to  change  the  vacuum 
of  a  tube  too  often.  For  diEFerent  pnriwses  different  tultes  should  be  em- 
ployeil.  Tubes  of  varying  construction  have  recently  been  bi-ought  forth' 
'  Archives  of  Physioli^cal  Therapy,  .'September  and  October,  liXB. 


Fia.  91.— Monopol  Cube.  The  Tftcunin  may  be  Bllcred 
durlnR  the  proctm  by  tbo  gcnemtion  of  air  Ihroush  lliu 
dliconnerlioii  of  Die  movable  i-ondUf^Iflr  "  Z,"  or  by  th?  ab- 
■nrpllon  of  air  Uimiigh  the  diBConncctlnn  of  tlie  movnble 
tondmtor  "H."  The  fleKlWe  wire  "Z.-ls  raised  for  mme 
accoads  by  mean»  ol  an  laoLal^  rod  until  a  spark  ]eaps  over 
to  cbe  auiUliiry  cathode  at  "B."  by  mtatu  of  wblch  sir  U 
gpneraied  aiid  the  terisuince  ol  llm  tulie  lowered.  Tubw  In 
whli:b  the  degree  of  ecnuratton  baa  become  excesElre  are 
modlfled  by  raUiag  tlie  movable  funducCnr  "  H  "  u  rhown  In 
the  skeWh.  Air  ia  generaled  by  the  dtwonnectlnn  ol  the 
flexible  conductor  "Z"  anil  [he  Ivaplng  orer  of  sp«rkl  [o 
"B,"  and  scmrdingly  the  degrca  of  the  vacinim  In  the  tube 
la  lowered.  Air  !a  alisorbed  by  disconnecting  the  flcilblB 
i^uiidutlor  "U,"  and  the  iGilBtiince  of  Uie  tube  iB  increased. 
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that  are  worthy  of  l>rief  mentiou.  The  Monopol  tube  made  by  Hirsch- 
nianu  of  Berlin  is  esi)eeially  devised  for  ejisj^  reguhition  of  the  vacuum 
without  interruption  of  the  X-rays.  (Fig  91.)  Using  a  spintermeter 
with  ball  terminals,  he  finds  that  eacli  centimeter  of  spark  equivalent 
practically  corresponds,  with  this  tul)e,  to  the  same  number  of  the  Benoist 
scale  of  x>^uetration.  It  is  a  bianodal  tube,  with  a  separate  bulk  at  the 
Ciithode  end  for  lowering,  and  another  at  the  ano<le  end  for  raising  the 
vacuum,  and  either  of  these  may  l)e  caused  to  oi)erate  by  simply  pulling 
its  movable  arm  w  ith  an  insuhited  liook.  This  may  be  done  while  the 
tube  is  in  operation. 

Heinz  Bauer  hiis  made  X-ray  tubes  in  which  the  rapid  raising  of 
the  vacuum,  due  to  the  i)ulverization  of  the  platinum  anti-cathode  is  pre- 
vented by  causing  the  current  to  pjiss  mostly  to  the  anode.  To  this  end, 
the  anode  is  ijointed  and  contains  quite  a  mitss  of  metal ;  besides  this,  a 
regular  small  self-induction  coil  is  placed  b(^tween  the  external  connec- 
tion of  the  anode  and  that  of  the  anti-cathode.  Another  of  Bauer's  tubes 
has  a  heiivy  corrugated  copi)er  stem  for  the  ant i -cathode,  dissipating  heat 
inside  the  tube,  and  also  externally,  through  a  reentrant  glass  tube  which 
forms  a  part  of  it. 

Method  by  Osmosis.  (Fig.  92. ) — This  methoil  depends  upon  the  prin- 
cii^le  that  heated  platinum  possesses  the  property  of  being  x)enetrable 
by  hydrogen.    A  closed  tulx^  of  platinum  is  sealed  into  the  bulb  of  the 


Fk;.  9'2.-  -Osmosis  rc-vrnlntinR;  tube  of  Gundelach. 

X-ray  tube.  When  it  is  dcsiitHl  to  lower  the  vacuum  in  the  tube,  the  pro- 
jecting platinum  tip  is  heat<Ml  to  redness  in  a  Bunsen  flame.  The  heiited 
[)latinum  permits  the  i)assage  of  gas  through  its  jmres  into  the  tube,  thus 
lowering  the  vacuum.  This  process  may  be  n\sorted  to  without  inter- 
fering with  tlu'  working  of  the  tube  ;  the  degnn?  of  vacuum  can  thus  be 
gauged  by  the  color  of  the  tluoresc(Mice.  A  low  vacuum  is  manifested 
])v  a  bluish  tint,  indicating  that  the  heating  of  the  platinum  should 
cease. 

Mechanical  Rrfjcncvation. — This  method  allows  of  a  variance  in  the 
penetration  value,  by  adjusting  the  distance  lH»tw<H*n  anode  and  ciithode. 
its  employment,  however,  is  inapplicable,  as  it  entails  the  sacrifice  oi 
many  tnbes  and  rcMjuires  an  adept  in  manual  dexterity. 
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Elrclro-sUilic  Regeneration  is  founded  ou  the  principle  that  the  dis- 
charge passing  thnmgh  a  focus  tube  is  influenced  by  the  charge  geuenited 
by  electro -static  indnction  on  the  outer  surface  of  tlie  tube.  To  accom- 
plish this,  the  neck  of  the  tube  in  the  plane  of  the  cathode  edge  is 
covered  with  stri])s  of  tiu-foi!,  and  by  connecting  it  by  au  adjustable 
spark-gap  with  the  grt>uud  or  wire  leading  to  the  cathode.  The  method 
gives  some  promise  of  usefulness,  but  the  serious  drawbitck  is,  the  con- 
stant danger  of  perforation  of  the  tube. 

Water-cooling  tithes  are  tliose  in  whicli  a  stream  of  running  water 
passes  around  the  anotle,  maintaining  it  in  a  cool  condition,  thus  not 
interfering  with  the  degi-ee  of  vacuum  in  tiie  tube.  In  other  tubes  tiiere 
may  be  two  anodes  and  two  cathodes,  which  are  adapted  for  the  use  of 
the  alteruatiug  current, 

B.  The  Quality  of  the  X-Rays. 

The  rxnalities  of  the  X-i-ays  depend  largely  upon  the  apparatus  and 
the  degree  of  vacuum  of  the  Crookes  tube.  Thus,  while  the  <iuantity  of 
the  electrical  energy  indnences  the  intensity  of  the  rays  produced,  the 
condition  of  the  tube  is  the  predominating  factor  when  a  constant  and 
powerful  supply  of  X-rays  is  required.  Tubes  are  thus  said  to  be 
"soft,"  "hard,"  or  "medium." 

A  tube  is  stud  to  Ije  "  soft ' '  when  the  degree  of  vaeunm  is  low,  thus 
offering  less  resistance  and  allowing  the  current  to  pass  easily,  but  with  a 
dimiuntion  in  the  intensity  and  likewise  in  the  penetrability  of  the  rays. 

In  a  "hard"  tube  the  degree  of  vacuum  is  high,  resistance  is  there- 
fore increased,  and  a  greater  obstacle  is  presented  to  the  passage  of  the 
discharge.  The  radiation  gains  thereby  in  intensity,  as  also  does  the 
penetrsitive  power. 

The  "medium"  tube  occupies  a  place  intermediate  between  the 
"hard"  and  the  "soft." 

J.  M.  Eder  and  E.  Valenta'  observeil  that  the  effectiveness  of  a  tube 
varied  with  its  degree  of  vacuum. 

Porter'  thus  classifies  the  rays; 

X  J -rays  penetrate  the  soft  parts  easily,  but  the  bones  with  difiQculty. 

Xj-rays,  those  absorbed  by  the  soft  tissues. 

Xg-rays,  those  readily  penetrating  both  soft  tissues  and  bone. 

AJhere-Schonberg'  considers  four  d^rees  of  vacuum : 

1,  hard  (gray).  'A,  mii  (deep-black). 

2,  mwiium  Buft  (yray-black).  4,  very  srift. 

'  Vers.  u.il.  Pboto.  mitltlst  iler  RuntgenHtr.,  Wien  iiii<l  Halle.  1896,  p.  5,  Anm. 
'Quote.1  by  Valenta,  IJesL  Cheuiikerztg..  I.  Nr.  I.  IWH. 
'  Fortsehr.  a.  li.  Geb.  A.  RiSntgenstr,  Btl.  iii.,  11.  4,  p.  U3. 
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The  intensity  of  the  shadows  of  the  metacarpal  bones  on  the  fluor- 
escent screen  is  taken  as  an  index. 

Kienbock  recognizes  a  fifth  grade,  the  ^^ over-hard^'  tube.* 

The  success  in  skiagraphy  most  largely  depends  upon  the  quality  of 
the  rays  and  the  behavior  of  the  focus-tube. 

Until  the  present  time,  although  the  form,  size,  ete.,  of  the  tube 
have  steadily  improved,  the  majority  of  operators  will  sustain  me  when  I 
assert  that  in  order  to  make  a  good  skiagram  the  knowledge  of  the  degree 
of  the  penetration  of  the  rays  is  most  essential. 

I  have  enumerated  the  various  methods  for  ixscertaining  the  approxi- 
mate penetrability  (quality  and  quantity)  of  the  rays,  but  those  methods 
are  as  yet  quite  crude.  This  subject  is  fully  treated  of  under  Rontgen 
Ray  Therapy. 

The  degree  of  the  vacuum  of  the  tube  changes  during  or  after 
active  work,  so  that  the  operator  cannot  predict  exactlj^  the  degi^ee  of 
penetrability  of  the  rays;  hence  the  time  of  exposui*e  still  remains 
uncertain. 

Testing  the  ra3\s  with  the  fluoroscope  by  the  shadow  of  the  bones 
of  the  hand  is  most  dangerous,  and  is  virtually  not  employed  to-day 
except  by  some  of  the  inexi^erienced  and  most  careless.  The  osteoscope 
of  Carl  Beck  substitutes  the  skeleton  hand  for  the  human  hand,  but  this 
is  injurious  to  the  eye,  no  nmtter  how  well  the  latter  is  protected  with 
lead  (flint)  glasses. 

Fluore>>eence  of  the  tube  is  an  inexact  mejisure,  and  the  degree  of 
redness  of  the  anode  is  unreliable.  Each  tube  behaves  differently  with 
different  types  of  interruptei*s,  currents,  and  coils. 

Sjyintermeter  or  Parallel  Spark-gap.  —  The  length  of  the  spark-gap  va- 
ries with  different  voltages  of  current,  the  shape  of  the  si^ark-gap,  the 
winding  of  the  coil ;  the  degree  of  the  viicuum  of  the  tube  or  its  resistance 
cannot  be  ascertained  because  of  the  distance  of  the  anode  from  cathode, 
and  the  varying  sizes  of  the  latter  may  cause  more  or  less  resistance. 

I  have  tubes  that  back  up  4  to  5  inches  (10  to  12.5  cm.)  parallel 
spark-gap,  and  yet  produce  cathode  rays  bluish  in  color  and  conical  in 
shape,  which  are  useless  for  penetration  ;  therefore  the  resistance  of  the 
tube  does  not  always  indicate  the  penetrability  of  the  rays.* 

C.  Care  of  the  Tube. 

Ik^fore  using  the  tube  see  that  it  is  absolutely  free  from  dust  particles 
by  eni[)loying  some  soft  labric  as  a  wiper,  exerting  as  little  pressure  on 
main  bull)  as  possible.  The  tube  should  always  be  perfectly  dried  by 
allowing  the  heat  from  a  gas  jet  to  pass  around  it. 

'Wiener  klin.  Woeh.,  \\m.  No.  50. 
•■^See  Part  III.,  C'hai)ter  IV. 
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The  leads  fp>iii  thiir  Ltrrmia;ils  ••:  thv  a«ro>udarv  coil  ^iiiHilJ  l^  wr- 
fectly  insalattil  iin*!  sadlrirritly  aepanice«l  from  one  another  ihn;»rL:h- 
out  their  entire  leii;^  to  prevtrat  nay  sparking  between  them.  Th«?e 
wires  most  n^it  o»^me  in  ci3ntaet  with  any  conducting  materiaL  whith 
would  naturally  ji»rrmit  of  leaka^;^  of  the  current.  The  t-ouducting  wires 
should  be  sufficiently  ^Iwant  fn.im  the  sarfa».-e  of  the  tute  to  prevent 
puncturing.  Such  a  puucturv-  is  asuiilly  fhjm  a  spark  jtuuping  thn»ngh 
the  gla;»  wall  from  the  c»>adaciing  wire  to  the  electn;»de  within  the  tul«e 
of  opposite  polarity.  Puncture  i^f  the  tube  renders  it  usele^iis.  in  s«^^»me 
cases  presenting  an  imme«Iiate  change  of  col«ir.  Sparking  «.»cctirs  between 
the  anode  and  cath«jiie  fnjm  the  iuriL^h  of  air  :  in  other  cases  the  injured 
tubes  mav  be  worke^l  for  tw«i  or  three  hours  after  the  accident.  If  the 
auxiliary  bulb  lighLs  blue  i»r  re<l.  the  vacuum  is  low  and  a  puncture  or 
leak  may  be  .saspecte*!.       Fig.  07. 

In  operating  a  tube  see  that  the  current  is  sent  into  it  in  the  pn:>]>er 
direction,  or  blackening  will  s<»«>n  or-cur  on  the  in.side,  manifesting  itself 
by  disintegrating  x»Litiunm  partich.-s.  Should  the  current  c^mductors  be 
connected  to  the  tube  in  reverse  onler,  the  error  will  be  recojniizetl  bv  a 
brilliant  jumping  flu'^rescence  around  and  behind  the  platinum  t;irgi-t. 
With  proper  connectioiLS  there  is  a  steady  fluorescence  of  the  hemisphere 
in  front  of  the  anode.  As  the  X-ray  ap][)aratiLs  is  pn>vided  with  a  com- 
mutator, the  current  can  conveniently  be  reversed  with<j|it  altering  the 
connections  and  position  of  the  tulje.  Figs.  93  and  94  illustrate  the 
proper  and  the  wrrmg  connection  of  the  tnbt.*. 

Blackening  of  the  Tube. — As  already  mentioned,  blackening  of  the 
tube  often  results  from  the  •'  inverse"  current,  but  this  can  be  avoided  bv 
placing  the  spark-gaps  in  ••series"  of  intervals  of  two  or  three  inches 
either  in  one  or  both  end.s  of  the  terminals. 

Latelv  I  have  seen  the  whi^le  inner  surface  of  the  tube  darkened  bv 
an  impure  alkaline  snl>>tance  thrown  off  from  the  auxiliary  bulb.  The 
tube  wsis  opened;  aniL  by  the  aid  of  an  aciduhited  S4>lution,  the  substance 
causing  the  discoloration  was  dissolve<l<  showing  that  the  blackening  was 
not  due  to  disintegnited  platinum  particles,  but  to  the  impurities  of  the 
pfitash  in  the  auxiliary  bull>.  Had  this  blackening  lx?en  caused  by  the 
disintegration  of  the  ano<le,  the  discoloration  would  have  lx*en  manifested 
only  at  the  active  hemisphere. 

In  place  of  the  spark-gap  in  ••seritrs,''  Villard  urges  the  employ- 
ment of  a  ventril  tube?  with  a  proiKT  degn.H.*  of  vacuum  for  the  current, 
instead  of  its  passage  through  the  air.  ^  Fig.  05.;  By  employing  the 
ventril  tube  the  current  iK-comes  unidirectional,  the  rays  have  a 
^H'eater  penetrative  power,  l>lackening  is  minimized,  and  the  **  life  ■ '  of  the 
tube  is  prolonged.  I  find  the  self-n-gulating  ventril  tulje  to  Ixi  eminently 
satisfactory. 
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Fiind:ure  of  the  Anti-cathode, — ^This  accident  occurs  only  in  tabes 
with  very  thin  and  non-supported  anodes ;  especially  did  puncture  of 
the  anti-cathode  happen  when  the  Wehnelt  interrupter  fii'st  came  into 
use.  This  difficulty  has  been  overcome  by  increasing  the  thickness  of 
the  anode,  and  also  by  reinforcing  it  in  back  by  means  of  copper  ;  like- 
wise by  making  the  converging  cathode  rays  fall  at  a  point  a  little  in 
advance  of  the  anode. 

Explosion  of  the  Tube.  —  When  a  tube  is  accidentally  broken,  the 
sudden  inrush  of  air  produces  a  report  resembling  that  accomi)anyiug 
the  explosion  of  a  firecracker.  I  believe  the  term  '"^explosion"  is  a 
misnomer;  the  substitution  of  the  term  *' collapse"  would  appear  to  me 


Fig.  9o.— Vlllard's  ventril  tube. 

to  be  more  correct,  for  the  general  breaking  up  is  more  likely  the  result 
of  external  atmospheric  pressure  than  due  to  any  force  created  inter- 
nally. In  the  experien(»e  of  years  I  have  never  suffered  the  explosion  of 
a  tube. 

The  ^Mife"  of  the  tube  depends  largely  on  the  amount  of  its  use, 
and  the  care  in  manipulation  bestowed  upon  it.  Tlie  metallization  of 
the  tube  interferes  in  no  manner  with  its  workin«:. 

In  regard  to  the  consumption  of  tubes  by  the  use  of  small  and  large 
inductors  the  conclusions  re^iched  by  Albers-Sch<")nl)erg  are  of  the  greatest 
practical  importance.  He  has  kept  a  complete  record  of  the  use  of  each 
tul)e  and  the  conditions  under  which  it  was  used,  and  concludes  that  the 
life  of  a  tul>e  used  with  an  80  cm.  coil  is  more  than  three  times  as  long 
as  when  used  with  a  40  cm.  coil.  The  small  coil  used  in  this  instance 
was  the  Dessjuier  instrument.  At  the  sjime  time  he  found  that  the  work 
done  by  the  tube  in  connection  with  the  large  coil  was  more  stitisfactory. 
In  order  to  get  the  desired  results  with  the  small  coil  it  was  necessary  to 
use  a  ventril  tube  in  series  with  the  Kontgen  tube,  while  with  a  large 
coil  non(»  was  used. 

When  the  vacuum  becomes  so  high  or  so  low  (Fig.  96)  that  it  is 
Tinsuited  for  the  operator's  purpose,  and  his  cfToits  to  restore  a  proper 
vacuum  are  unavailing,  the  only  remedy  is  a  repimii)ing  of  the  tube  by 
the  manufacturer. 
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III.  The  Fluoroscope  and  Accessories. 

A.    Ck)N8TKUCTION   OF  THE   FlUOROSOOPE. 

The  fluoros(*ope,  also  called  crypt oscope  aud  iristoscope,  was  devised 
and  first  described  by  Professor  Salviui,  of  Rome.*  It  consists  of  a  dark- 
ened chamber,  having  the  shape  of  a  photographic  camera.  At  the 
larger  end  is  fixed  the  fluorescent  screen;  at  the  smaller  end  is  an  opening 
(fitting  the  examiner's  forehead)  through  which  the  shadows  on  the 
screen  may  be  observed.  With  a  fluoroscope  a  darkened  room  is  unnec- 
essary. The  majority  of  fluoroscopes  are  pro\ided  with  a  handle  for 
holding  the  apparatus.  More  recent  ones  are  so  constructed  as  to  permit 
of  the  easy  removal  of  the  screen.     (See  Fig.  104. ) 

The  fluorescent  screen  mentioned  above  consists  of  a  coating  of 
platino-cyanide  of  barium,  spread  evenly  upon  a  supporting  sheet.  A 
layer  of  varnish  is  carefully  applied,  so  as  to  prevent  this  fluorescing 
material  from  falling  off,  and  likewise  to  keep  it  dry.  As  the  fluores- 
cence of  the  screen  is  not  very  brilliant,  a  dark  room  must  be  employed, 
otherwise  rays  of  ordinaiy  light  will  interfere.  The  screen  being  adjusted 
in  the  frame,  the  chemical  surface  further  i^rotected  by  isinglass,  and 
the  light  excluded  from  the  tube  by  means  of  black  paper,  beautiful 
shadows  are  portrayed  by  placing  the  object  between  the  tube  and  the 
screen.  When  not  in  use  the  screen  should  be  kept  free  from  dust  and 
moisture. 

There  are  other  chemical  agents  besides  those  mentioned  which  pos- 
sess fluorescent  properties  and  are  adapted  for  screens.  Thus  Edison,  who 
examined  1800  chemicals,'  found  that  tungstate  of  calcium  fluoresced  with 
six  times  more  intensity  than  platino-cyanide  of  barium;  next  in  bril- 
liancy was  tungstate  of  strontium.  Salicylate  of  ammonium  (crystals) 
fluoresces  as  much  iis  double  cyanide  of  potjissium  and  barium;  the 
former's  fluorescence,  however,  increases  with  the  increase  of  the  thick- 
ness of  the  crystal  layer.  Other  substances  that  fluoresce  under  the  ac- 
tion of  the  rays  are  mercurous  chloride,  cadmic  iodide,  calcium  sulphide, 
X)ota8sium  iodide,  potassium  bromide,  etc. 

The  only  two  of  the  many  fluorescent  salts  employed  in  the  manufac- 
ture of  screens  are  platino-cyanide  of  barium  and  calcium  tungstate.  The 
former  affords  a  brilliant  yellowish -green  fluorescence,  the  latter  a  less 
intense  bluish-white.  This  bluish  white  fluoresc-ence  offers  a  greater 
photo-chemical  activity,  and  is  therefore  employed  as  an  intensifying 
screen  in  radiographic  work.  Under  the  name  of  ^'the  collapsible 
cryptoscope,"  IT.  W.  Cox  &  Co.,  Ltd.,  of  London,  have  placed  njyou  the 

*  Proceedings  of  the  Accademia  Medico-Chirurgica  di  Perugia,  vol.  ill.,  No.  1-2  ; 
also  the  Scientific  American,  March  28,  1896. 

*  Elect.  Review,  New  York,  April  19,  1896. 
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market  a  fluoroscope,  which  apparatus  is  fitted  with  accordion  folds, 
that  readily  permit  of  easy  adjustment.  This  cryptoscope  has  given 
satisfaction,  but  its  exorbitant  price  makes  itS  general  employment 
prohibitory. 

B.  Skiagraphic  Table. 

A  skiagraphic  table  consists  of  a  strong  rectangular  frame  of  woi>d 
over  which  is  stretched  some  fabric,  or  thin  leather,  which  is  nidio- 
scopically  transparent.  The  frame,  which  is  supported  by  four  uprights 
(one  at  each  corner)  18  to  20  inches  high,  may  be  covered  by  a  piece 
of  thin,  strong  l)oard,  in  order  to  make  it  more  steady.  In  making  a 
screen  examination,  the  patient  is  placed  upon  the  couch  with  the  tube 
under  it,  the  rays  penetrating  from  below  upward.  In  taking  a  skiagnim, 
the  sensitive  plate  is  placed  under  the  patient  and  the  tube  above,  the 
rays  paasing  from  above  downwainl.  Do  not  move  the  screen  or  the  pa- 
tient if  a  skiagram  is  to  be  taken  after  making  a  screen  examination ; 
hence  an  adjustable  plate-holder  should  be  fitted  to  the  couch.  The  tube 
may  be  shifted  and  clamped  in  any  position. 

C.  Hoffman's  Measuring  Stand  and  Examining  Frame. 

This  consists  of  two  uprights  firmly  secured  to  a  platform,  and  sup- 
porting the  S(iuare  or  rectangular  shaped  mejisuring  frame  which  can  be 
shifted  up  and  down  or  to  the  right  or  left,  by  turning  a  few  thumb-screws. 
The  adjustable  frame  is  sulKlivided  into  smaller  s(j[uares.  The  dividing 
cross-bars  an*  so  constructed  as  to  permit  of  their  being  shifted  into  any 
position  and  their  exact  location  noted  by  reading  the  metric  scales  at 
the  sides.  Accessory  frames  are  placed  at  the  outside  of  the  uprights ; 
one  of  these  acting  as  a  plate -receiver  for  a  skiagram,  another  supports 
the  fluoroscopic  screen  for  a  visual  t^xaniination. 

Lately  I  devised  a  table  that  meets  the  re(iuirements  for  skiagraphy, 
stereo-skiagraphy,  an<l  X-ray  treatment.  (See  Figs.  1S3  and  184.)  It  is 
made  of  wood,  and  upon  the  two  parallel  horizontal  metallic  tubes,  two 
vertical  metallic  rods  move  to  and  fro,  the  latter  supporting  a  horizontal 
sliding  bar  of  wood,  from  which  is  suspended  the  tulxvholder.  For  skia- 
graiihy  the  tul>e  can  be  placed  under  the  table,  over  the  table,  or  in  any 
l)osition  in  relation  to  the  i)atient's  body.  The  table  is  provided  with 
an  adjustable  plate-holder.  The  device  can  l)e  regulated  so  as  to  be 
adapted  to  any  sized  i>late  ;  it  is  attached  to  the  vertical  rods.  This  i^late- 
hol<h*r  with  the  i^late  is  placed  over  the  part,  with  the  tube  beneath  the 
table,  or  in  the  sitting  posture  the  plate  is  placed  against  the  part,  and 
the  tube  behind  the  patient.  In  stereoskiagraphy  the  i^lates  can  be 
changed  without  employing  the  usual  drawer.  For  treatment,  the  tul>e 
is  placed  in  a  leaden  lined  wooden  box,  having  an  adjustable  diaphnigiu 
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with  any  required  sized  opening,  which  is  regulated  by  sliding  the  mov- 
able pieces  of  wood  composing  it.  The  bars  and  tubings  are  sciiled  in 
inches  and  centimeters  to  facilitate  the  ease  of  measurements  required  of 
the  operator. 

D.  Tl^be- Holders. 

These  are  of  various  kinds.  For  clinical  purposes  it  is  essential  to 
have  a  stand,  in  order  that  the  tube  may  be  adjusted  to  any  desired  height 
from  the  floor,  at  the  same  time  allowing  it  to  project  far  enough  to  en- 
able to  operator  to  shift  it  at  ease  over  the  examining  table  or  couch. 
The  base  must  be  heavily  weighted,  to  insure  steadiness,  and  the  project- 
ing arm  must  be  firmly  clamped.  The  latter  is  made  of  wood  or  ebonite 
to  prevent  any  spark  from  the  terminals  passing  into  the  metal  and  thus 
perforating  the  tube.  Loose  clamping  must  be  studiously  guarded 
against ;  lack  of  this  precaution  will  produce  a  blurred  photograph,  its 
the  swinging  tube  is  made  readily  tremulous  by  the  amplification  of  any 
motion  communicated  to  the  stand  and  arm. 

The  majority  of  tube-holders  slide  on  a  horizontal  bar,  the  latter 
being  supported  by  two  verticxd  ones,  or  it  may  have  independent  sup- 
port from  a  heavy  iron  tripod  on  the  floor.  The  disiul vantage  of  these 
constructions  is  that  the  tube  may  move  or  shake  if  attached  to  the  table, 
it  is  clumsy  to  handle,  occui>ies  too  much  space,  and  stands  in  the  way  of 
the  oi)erator.  In  offices  a  couch  cjin  be  used  as  a  table.  It  is  soft  and 
convenient,  and  is  useful  for  therapy  and  examinations.  Above  the 
couch,  attached  to  the  wall,  are  two  wooden  rods  grooved  on  their  inner 
surfaces.  A  square  block  of  wood  slides  between  the  grooves  of  these  two 
rods,  the  whole  being  supported  on  brackets.  Attached  to  this  square  of 
wood,  and  at  right  angles  to  it,  is  screwed  a  movable  rod,  which  by  tight- 
ening or  loosening  the  screw  can  be  adjusted  to  any  angle.  This  last  rod 
has  a  small  sliding  transvei^se  block  of  wood  through  which  passes  the 
vertical  metallic  rod,  holding  the  clamp.  A  similar  metallic  rod  is 
attached  to  a  sliding  rod  for  supporting  a  leaden  screen,  which  protects 
the  operator. 

Lately  I  devised  a  tube-holder  in  my  office  made  ui>  as  follows  :  A 
shelf,  made  of  two  horizontal  bars  grooved  in  their  interior,  is  bracketed 
upon  the  wall.  Along  these  grooves  slides  a  block  of  wood  (the  carriage). 
To  this  carriage  is  attached  a  i)rojecting  bar  of  wood,  whose  angle  may 
be  varied  at  pleasure  by  adjusting  the  thumb-screw  maintaining  its  rela- 
tion with  the  carriage.  Bj'  meiins  of'an  adjustable  screw,  a  second  block 
of  wood  (transvers(5  to  the  long  axis  of  the  i^rojecting  bar)  is  made  to  slide 
to  and  fro  at  the  will  of  the  operator.  Through  this  latter  bar  runs  the 
metallic  rod,  supporting  the  tube-holder.  By  means  of  this  holder,  free- 
dom of  movement  is  so  obtained  that  the  principles  of  the  universal  joint 
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are  faithfully  portrayed.  With  this  tube-holder  the  table  is  dispensed 
with,  and  a  couch  or  sofa  is  substituted  upon  which  a  board  is  placed  if 
necessary,  for  supporting  the  sensitive  plate.     (See  Fig.  200.) 

E.  Box-Cover  for  X-Ray  Tube. 

This  consists  of  a  wooden  l>ox  covered  on  its  inner  surface  by  a  thick 
coating  of  leiid  oxide.  On  one  side  of  this  box  is  a  hole  (4  to  5  cm.  in 
diameter)  for  the  ti^ansmission  of  the  rays.  This  circular  aperture  m 
shielded  by  a  wooden  diaphragm  of  heavy  sheet  lead,  having  three  differ- 
ent sized  aperture^s,  and  by  adjustment  the  desired  oi)ening  can  be  brought 
in  direct  line  with  any  i)art  of  the  body.  Luminous  effects  are  excluded, 
and  the  dangers  of  burning  by  the  rays  are  reduced  to  a  minimum.  It 
must  be  remembered  that  the  diameter  of  the  rays  (cone-shaped) 
increases  as  the  distance  the  tul)e  is  i^laced  from  the  patient. 

In  some  tube  boxes,  instea<l  of  the  lead  foil,  several  layers  of  lead 
paint  are  used  for  coating  the  interior  of  the  l>ox.  The  size  of  the  box 
varies  in  different  models.  In  some  instances  they  are  made  so  large  as 
to  be  an  inconvenience,  while  in  other  cases  they  are  too  small  to  secure 
perfect  insulation. 

F.  Diaphragm. 

The  diaphragm  was  formerly  used  for  sharpening  shadows  on  sensi- 
tive plates.  It  may  be  made  of  metal  or  glass,  with  an  aperture  in  the 
centre  for  the  tninsmission  of  the  rays.  In  the  gla.ss  variety,  the  excess 
of  lead  acts  as  an  obstacle  to  their  i)assiige,  the  rays  being  almost  wholly 
transmitted  through  the  aperture.  If  the  diaphragm  is  metal,  it  should 
preferably  l)e  grounded,  to  obviate  the  danger  of  puncturing  the  tulx^  by 
sparks  junii)ing  from  it.  The  object  of  the  diaphragm  is  to  prevent  the 
passiige  of  the  rays  to  other  parts  than  thos<»  exainiiied. 

ComprrHHion  Diaphragm. — This  api)liance,  devised  by  Albers-Schon- 
berg,  consists  of  a  metallic  tube,  having  one  end  ai)plied  against  the  part 
to  Ix*  skiagraphed,  and  the  other  end  so  adjusted  as  to  receive  the  I'ays 
emanating  from  Ww  Crookes  tul)e.  By  its  use  we  secure  immobility  of 
the  part,  mechanically  lessen  the  thickness  of  the  structures  un<ler  exami- 
nation, and  totally  exclude  all  the  seconcLirv  rays.  (Fig.  91).)  In  Fig. 
OS  is  illustrated  the  ordinary  diaphragm,  wherein  is  depicted  the  passiige 
of  the  indirect  rays,  h  />,  all'ecting  that  i)()rtion  of  the  plate  indicated  by 
the  slanting  parallel  lines;  this  is  entirely  obviated  in  the  compression 
diaphragm,  where  a  a  are  the  direct  rays  from  the  anode.  (See  also  Figs. 
192  and  19:5.) 

Dr.  Henry  Hulst^  states  that  the  use  of  this  diaphragm  is  most  valu- 
able in  the  skiagraphy  of  renal,  si)inal,  and  pelvic  conditions.     Thus,  in 

'Transactions  of  the  American  K('>ntg('n  Ray  Society,  Septeuil)er,  1905. 
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cases  of  SD^pected  renal  CJiJciili,  tht'  t-mployment  of  tltt;  oompresMiuii  dia-  . 
phragui  III iit«i'i ally  lessens  the  number  of  iliapliriigioatic  movements  of 
the  jKLtieut,  and  as  the  kidney  mo^'es  with  each  movement  of  the  patient'  8 
diaphragm,  the  steadinesa  of  the  kiduey  is  markedly  inereiisetl,  in  couse- 
queuee  of  which,  a  skiagram  of  a  reniil  calcnliw  will  not  l)e  blurred. 

The  serious  disadvantage  of  the  eompressioii  diaphragm  is  the  fact 
that  ouly  a  very  small  ari-a  can  be  skiagraphed  at  oui-  time,  while  the 


lilaplin 


stone  searched  for  ma\  lie  located  outside  the  part  covered  by  the  cylin- 
der This  method  i)re\ent8  v  negative  lieing  taken  of  Twtli  sides  for  the 
•iike  of  comparisou     i  moat  uetesssiry  and  invaluable  guide. 

Although  largely  use<l  in  Europe  and  America,  I  do  not  ad\-opiile 
the  employment  of  a  compression  diaphragm,  as.  with  greater  refincmenls 
in  the  technic,  the  time  of  exposure  has  been  so  materially  lesseneil  that 
there  is  a  marked  decrease  of  the  sei'ondiu-y  rays,  and  without  the 
diaphragm  a  large  area  is  exposed  for  examination  on  the  plate. 


IV.  The  Selection  and  Installation  of  X-ray  Apparatus. 
A.  Selkctiun"  ok  Cikhci:. 

In  etinipping  an  X-ray  laboratory  several  fiictors  must  be  considered. 
The  scoije  of  the  work,  the  portability  of  the  instrument,  the  necessary 
expenditure  that  will  be  incurre<l,  the  i-etiuiremeuts  of  the  apparatus  for 
the  ofB<-e,  the  city  oi-  country  hospital,  and  the  fact  whether  the  purchaser 
is  an  X-ray  speciali.st  or  a  general  practitioner. 

By  the  scope  of  work  to  be  sjcfomplished  we  mean  the  extent  of  uhc- 
ftilness  of  an  X-rav  outfit.     A  small  roil  will  suffice  for  the  work  that  a 
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beginner  may  be  required  to  do,  but  the  purchase  in  the  beginning  of  a 
hirge  coil,  which  will  prove  more  lasting,  is  wisest  because  increase  of 
work  will  early  demand  this  imi^rovement  in  the  apparatus. 

Hospital  {Cify  or  Country). — In  the  majority  of  city  hospitals  a  110- 
volt  current  is  supplied  for  working  a  coil.  The  coil  that  is  installed 
in  the  laboratory  of  a  large  citj'  hospitiil  should  have  a  spark  length  of 
from  12  to  20  inches  (30  to  50  cm.).  It  should  be  so  constructed  as  to  be 
capable  of  conveyance  to  the  various  parts  of  the  hospital.  The  coil 
can  be  worked  by  attaching  a  connecting  head  to  one  of  the  electric  light 
sockets  from  which  leads  extend  to  the  coil.  If  the  hospital  is  not  lighted 
by  electricity  (110- volt  current),  it  becomas  necessary  to  prepare  a  place 
on  the  main  shelf  of  the  carriage^  or  on  the  second  shelf,  for  placing  a  stor- 
age battery,  by  which  means  the  coil  then  must  be  worked.  When  patients 
can  be  conveyed  from  the  be<l  to  the  laboratory,  much  labor  is  saved. 

In  country  hospitals  and  sanitaria,  where  there  is  difficulty  in  obtain- 
ing either  continuous  or  alternating  current,  static  machines  are  recom- 
mended for  exciting  the  Crookes  tube,  and  also  for  therapeutic  puri)oses. 
For  exciting  a  tube  the  use  of  a  water  motor  or  a  small  gasoline  or  gas 
engine  must  be  resorted  to.  If  expense  be  a  matter  of  moment,  I  then 
recommend  a  coil  workeil  by  a  secondary  batterj\  The  physician's  or 
surgeon's  outfit  should  be  portable.  He  should  emi>loy  an  8-  to  10-inch 
(20-25  cm.)  spark,  worked  by  a  storage  batter j\  For  examinations  in 
a  private  office  the  use  of  a  static  machine  (run  by  an  electric  motor),  in- 
stead of  a  coil,  is  recommeuded.  The  expert  should  have  in  his  posses- 
sion an  outfit  capal)le  of  meeting  all  oniergencies.  It  should  consist  of 
two  coils  and  a  static  machine.  In  his  private  office  he  should  have  a 
stationary  coil  with  a  spark-producing  power  of  from  18  to  22  inches 
(45  to  55  cm.),  and  a  second  coil  so  constructed  and  arranged  iis  to  allow 
of  its  ready  transportation,  the  latter  to  be  cai)able  of  giving  a  spark 
from  8  to  10  inches  (20-25  cm.)  long.  This  portable  coil  should  be 
worked  with  a  storage  batter}'. 

Portable  Outfits. — The  necessity  of  moving  an  X-ray  apparatus  re- 
quires the  outfit  to  be  as  compact  and  light  as  possible.  In  the  latest 
forms  of  apparatus  the  coil  and  accessories  are  carefully  fitted  into  a  Ciise 
which  makes  it  icadily  transportable.  The  cumbersome  storage  battery 
must  be  conveyed  sc])aratclv  with  the  coil,  etc.  The  latter  should  he  8 
to  10  inches  (20  to  25  cm. ).  The  more  recent  accumulators  are  very  light 
and  c(nn]>act. 

]>.    Installation. 

It  remains  to  give  a  l)rief  resume  of  the  arrangement  and  manage- 
ment of  th(*  dilferent  parts  concerninl  in  the  production  of  a  skiagraph. 
The  first  c^sscntial  is  to  (h'termine  the  nature  of  the  current  available. 
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The  coil  caii  Iw  euergked  by  an  sM'<'Uumlator  or  by  the  coittitiuouN  or 
alternating;  cuiTeut  from  the  street  supply.  In  the  latter  iiiatauce  the 
transformer  is  necessary  to  reduce  the  euormoiLS  voltage.  Some  jilace  the 
coil  upon  the  table ;  my  own  i>refereuce  is  to  i-est  it  upon  a  shelf  attat'lieii 
to  the  wall,  thus  sjvace  is  saved  and  the  operator  is  kept  away  from  the 


u  flatne,  thus  al]< 


■Y  moves  the  mhe-holrtt-r 
lEssenatlie  "  reverae  currenl," 
prealtii).  Bt  a  distance  Cnim  the  tube,  a 


magnetic  field.  The  latter  method  i.s  prevaloiit  in  Germany.  The  con- 
trolling apparatus  (the  interrupter,  iheostat,  .switch -board,  et*"-)  should 
be  within  easy  reach.  Alter  installing  the  coil,  the  source  of  current  c«u 
be  connected  with  it  by  the  use  of  the  switchboard.  The  switch-board 
is  provided  wifli  sevenU  binding  poets,  the  latt*?r  being  connected  with 
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the  awnimuliitur  and  likewise  with  the  direct  eurreut.  A  double  switoh- 
Ihrower  counects  the  current  with  either  the  accumulator  or  the  direct 
current.  Another  switch  can  hf  mwle  to  counett  the  current  with  either 
Llie  mechaok^il  interrupter  or  the  Wehuelt  bi-eak.     For  charging  the 


accumulator  a  bauk  of  lamps  is  provided  ;  the  remainder  of  the  switch- 
board is  made  up  of  the  fuseM,  the  ammeter  and  the  voltmeter.  The 
author's  tiibl4:  and  tube-holder  and  method  of  installation  are  illustrated 
in  Figs.  100,  101,  and  102. 

C.    POLAKITY    AND   CONXEtTION    OF   Tt^BE. 

Next  to  be  considered  is  the  connection  of  the  terminals  of  the  sec- 
ondary coil  to  the  tube.  To  do  this  properly  it  is  necessary  to  ascertain 
the  polarity-     The  following  methods  may  be  applied  : 

(1)  Dip  the  ends  of  the  two  wires  into  dilute  sulphuric  acid  or 
water.  The  negative  wire  shows  a  free  development  of  gita:  this  does  not 
occur  with  the  anode,  which  is  colored  black  from  the  deposition  of 
copper  oxide. 

(2)  Moisten  the  paper  with  potassium  iodide,  bring  the  poles  iu 
contact  with  it;  the  presence  of  a  black  stain  indicates  the  anode, 

(3)  By  means  of  a  small  tube  filled  with  a  liquid  into  which  plat- 
inum wires  project;  the  application  of  a  negative  pole  is  followed  by  the 
liquid  being  dyetl  a  red  color. 

(i)  The  polarity  can  also  be  determined  by  the  peculiar  color  of 
the  spark  on  the  terminal  electrodes  of  the  secondary  coil ;  the  cathode 
shows  the  presence  of  a  thick,  whitish  spark,  while  the  anode  shows 
several  wiry  lines  of  spsirk  of  a  pink  color.     (Fig.  lO.S.) 


CHAPTER   II 

THE   PKINCIPLES   OF   TECHNIC. 

I.  Fluoroscopy. 

ITavixg  briefly  described  the  X-ray  apparatus  and  the  modes  of  its 
manipulation,  we  shall  now  dwell  upon  the  methods  of  its  practical 
application. 

Wlien  conducting  such  examinations,  it  is  essential,  though  not 
absolutely  necassary,  to  have  the  room  darkened  so  as  to  exclude  ordi- 
nary light.  Of  course  the  rays  are  invisible.  The  means  employed 
for  detecting  the  presence  of  the  invisible  Rontgen  rays  are  (1)  by  its 
pliysical  effects, — i.  e.,  tlie  ability  of  these  i*ays  to  produce  a  fluorescence 
from  certain  substances ;  (2)  by  the  chemical  effects  taking  place  on  tlie 
sensitive  plate. 

For  making  fluoroscopic  examinations  we  may  employ  either  the 
fluorescent  screen  or  the  closed  fluoroscope.  A  cryptoscox>e  has  been 
brought  into  the  market  which  allows  of  the  detachment  of  the  screen 
from  the  hood,  Fig.  104,  thus  permitting  of  the  use  of  the  former 
without  the  cumbersome  attachment 

A.  Methods  of  Examination'. 

(a)  Screen  Exam i nations. — By  daylight  the  fluorescence  of  the  screen 
is  wholly  imperceptible.  Hence  the  necessity  of  excluding  any  light 
that  might  fall  upon  the  scn^in  and  the  eyes  of  the  examiner. 

The  brilliant  fluores(!ence  becomes  manifest  only  in  a  darkened 
room,  and,  therefoic^,  as  in  Rontgen' s  original  experiment,  in  order  to 
exclude  this  extra  light  the  tube  should  l)e  covered  with  some  dark 
material. 

The  examiner  holds  the  open  screen  in  his  hands,  shifting  it  to  the 
part  desired,  or  it  may  l)e  cliusped  to  an  adjustabh^  rod  attached  to  a  frame 
which  rests  upon  the  floor.  When  the  open  screen  is  used,  it  should  l>e 
brought  US  close  as  possible  against  the  part  under  examination,  so  as  to 
bring  out  the  shadows  more  distinctly. 

Prior  to  covering  the  tube,  it  must  be  placed  in  its  proper  position, 
preferably  with  the  platinum  anode  pointing  toward  the  operator;  the 
l)atient  is  then  place<l  in  front  of  tlu;  excited  tube.  (The  cryptoscope  is 
used  in  a  lighted  room.)  In  order  to  make  a  thorough  examination  the 
examiner's  ev<*s  must  <a*t  accustome<l  to  the  daikened  condition  of  the 
interior  of  this  apparatus.  AVhen  used  on  a  sunny  day,  only  the  dark 
contour  of  the  part  under  (examination  is  first  se«*n,  <::radually  giving  way 
to  tlu'  mon*  distinct  d<*tails.      Long  and  tVeciuent  examinations  by  this 
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means  titi?  the  eyes,  often  produdtig  conjunctivitis  among  oi>er.itors. 
For  snperficiiil  and  preliimnury  exiuniuations  this  appliance  is  iniiispen- 
sible,  but  for  deep  ex unii nations  the  open  screen  and  dark  kjoui,  with  the 
tube's  phosphorescence  shielded,  are  to  l>e  recommended. 


With  a  crj-ptoacoiJe  only  one  person  is  enabled  to  \\cv/  the  images 
cast  upon  the  screen.  "WTien  the  .screen  idone  is  employed  a  group  of 
persons  can  see  the  existing  conditions,  hence,  the  hitter's  value  for 
demo nst rat iie  purposes. 

(b)  Freporaiion  (if  the  ratienl. — Always  remove  the  clothing  of  the 
patient  from  the  part  which  is  to  l>e  exiiminetl,  permitting  in  some 
instances  the  retention  of  the  under  garment,  which  should,  liowever, 
always  be  free  from  wTinkles,  Pius,  buttons,  and  any  other  metallic 
Btrnctures  which  woiild  caJit  shadows  upon  the  screen  must  be  removed, 
to  prei'eut  an  incorrect  diaguttsis. 

In  surgical  cases  where  fine  detail  work  is  demanded,  it  is  necessary 
to  remove  all  the  garments  from  the  part  t<»  be  examined,  also  splints, 
bandages,  and  powder  dressings,  as  acetanilid,  iodoform,  boric  acid,  and 
plaster  of  Paris,  all  of  which  jiroduce  shadows  upon  tlie  screen.  The 
retention  of  wooden  splints,  though  offering  little  or  no  obstniction  to  the 
rays,  interferes  with  a  thorough  esaniination  of  ji  part,  on  luM^ount  of  tlie 
immobilization  of  the  joints,  the  ends  of  fractured  bones,  etc.  These 
splints  act  iis  stays  and  do  not  j>ermit  of  any  movement  of  the  part  or 
of  the  close  approximation  of  the  screen. 
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(c)  Position  of  the  Tube. — The  tube  should  be  carefully  clamped  into 
the  notch  of  tlie  holder  so  that  the  platiniini  anode  points  to  the  screen's 
centre,  causing  it  to  fluoresce  equally.  The  niys  should  pass  in  a  straight 
liue  and  not  obliquely  from  the  tube  to  the  object.     When  examiuing  the 


tlioRix,  for  example,  the  tiil)e  should  }».•  so  positioned  sus  toeausc  the  ray.-t 
to  fiill  peri)endicuhirly  ujhju  the  sei-eeii.  When  i-xamiiiing  a  field  near 
the  first,  it  is  advisable  to  have  the  tiilw  remain  stationary,  and  to  move 
the  patient  as  necessjiry. 

Exix-rienee  alone  will  guide  llie  Iwginncr  as  to  the  distance  most  suit- 
able for  producing  the  best  images  upon  llie  ,scri.t'ii.      For  fluoi-oseopie 
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■work  the  patit-rit  is  usiiiilly  brought  closer  U>  (lie  tubi?  than  when  a  Kkia- 
gram  is  taken.    The  shiulows  on  the  sereeii  msiy  ofteQ  be  shurply  brought   ) 
out  by  a  careful  and  systematic  at^iistiueiit  of  the  distance  between  the 
putieut  aarl  the  tube. 

(<1)  Position  of  Patient. — The  patient  niiiy  be  examined  by  means  of 
the  fluoroscope  in  the  lying,  sitting,  tir  standing  positions. 

(e)  iSize,  Shape,  ami  Iniomti/  of  Imagu  on  the  Screen. — The  X-rays 
diverge  us  they  are  projected  fn)ni  the  anode.  The  shadow  Ihrowu  on 
the  screen,  therefore,  will  be  larger  than  the  object  itself.  If  the  object 
is  bronght  closer  to  the  tube  the  distortion  in  size  will  be  increased.  The 
further  the  flnoroseope  is  separated  from  the  object,  the  larger  but  lvs» 
definite  will  be  the  shiwlow  cast.  If  the  rays  do  not  fall  perpendicularly, 
the  shadow  on  the  screen  will  be  distorte*!.  This  can  be  well  illustrated 
by  the  following  experiment.     (Fig.  lOo.) 

Take  a  lighted  ciindle  and  hold  it  fifteen  or  twenty  inches  (38  or  51 
cm. )  from  a  white  surface ;  between  it  and  the  candle  place  a  coin.  Upon 
moving  the  coin  toward  the  white  surface,  its  shadow  becomes  smaller 
and  smaller  as  it  is  gnulually  made  to  approach  that  surfa^^e.  The  re- 
verse occurs  when  the  coin  is  moved  from  the  white  surface  toward  the 
candle.  Upon  altering  the  plane  of  the  coin  a  shadow  of  'lififerent  shape 
is  produced.  When  the  rays  fall  iierjieudicularly  on  the  surface  of  the 
coin,  the  shadow  prodncetl  will  be  circular,  but  when  tilted  .so  that  the 
rays  strike  in  au  obli(iue  direction,  the  shadow  Oiist  will  be  elliptical. 
The  change  iu  size  and  «hai)e  of  the  shadow  can  be  siccomplished  by  al- 
tering the  position  either  of  the  source  of  light  or  of  the  object.  These 
principl&s  are  equally  true  in  fluoraseopy  and  skiagraphy. 

The  intensity  of  the  shadow  {»n  the  scrf*n,  even  of  the  same  kind  of 
structure,  will  vary  in  different  individuals.  Thus  the  shadow  of  the 
adult  male  thorax  will  be  darker  than  that  given  by  a  child's  thorax. 
This  difference  iu  intensity  depends  upon  the  degree  of  penetrability  of 
the  rays,  the  distance  of  the  tube  from  the  fluoroacope,  and  the  relative 
thickness  of  the  part, 

Tlie  operator  should  be  thoronghly  conversiint  with  the  normal  ap- 
pearance of  the  parts,  so  that  he  can  nse  this  knowledge  as  a  standard  of 
comparison  for  the  corresponding  affw'ti-d  part  iu  the  Siime  individual. 

B.  Advantages  of  Fluokoscopy. 

The  method  of  using  the  fluoroscope  is  simple,  inexpensive,  and 
rapid,  and  allows  of  immediate  comparison  with  the  corresponding  nor- 
mal part.  The  mobility  brought  about  in  the  structure  under  examina- 
tion permits  of  its  study  iu  different  positions.  Iu  examining  certaiu 
parts  that  are  iu  cfliistant  miition,  as  the  heart,  diapkr.igm,  and  thorax, 
a  study  can  bo  made  of  any  abnormality  iu  their  movements. 
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C.  Disadvantages  of  Fluokosch>py. 

One  of  the  liinitatioiis  of  this  method  is  that  the  record  is  not  i>eniia- 
nent,  although  *•  tracings''  am  \>e  made.  In  prolonged  exposures  for 
examinations  the  patient  is  liable  to  be  ''burnt,"  and  the  same  injury 
may  befall  the  operator  s  hands  and  eyes  ;  for  this  reason,  I  at  present 
never  employ  the  fluoroscope,  having  discarded  its  use  five  years  ago. 
Thicker  parts,  its  the  adult  abdomen,  the  hip,  and  the  skull,  do  not  i)er- 
mit  of  satisfactoiy  examination  by  this  method.  The  same  is  true  of 
certain  fractures  which  present  no  displacement  of  the  fragments  (fissured 
fractures),  also  in  detecting  and  locating  small  foreign  bodies.  As  the 
soft  structures  present  varying  degrees  of  density,  the  presence  of  diseased 
bone,  tumors  of  muscles  or  of  the  brain,  etc^,  cannot  be  differentiated, 
owing  to  the  affected  tissue  having  only  a  slightly  different  density  from 
that  of  the  surrounding  normal  partvS.  As  the  penetrability  of  the  rays 
cannot  be  controlled,  and  the  varying  degi-ees  of  density  confuse  the  eye, 
the  differentiation  by  means  of  the  fluoroscope  becomes  at  once  most 
difficult  and  unsatisfactory. 

II.  Skiagraphy. 

A.  Synonyms,  Definition,  and  Nomenclature. 

Skiagraphy  (Rontography,  Shadowgraphy,  Ixography,  Electro- 
graphy,  Skotography,  Kathography,  Fluorography,  Actiuography,  Radio- 
graphy, Diagniphy,  Skiography,  Pykuoscopy,  New  Photography,  and 
Electro -Skiagraphy)  is  the  art  of  photographing  shadows  on  sensitive 
plates  by  mexins  of  ti^usmitted  light.  The  R^'mtgen  Congress  in  Berlin 
on  May  2,  1905,  adopted  a  uniform  nomenclature  for  the  use  of  the  Con- 
gress and  for  expression  in  writing.  The  following  terms  will  be  used 
in  the  future:  Riintgenology,  R<*)ntgenosex)py,  R^'mtgenography,  Rimt- 
genognim  (Routgeii  negative,  Rontgeu  i)ositive,  Rontgen  diajjositive), 
Ortho-Rontgenogrdphy,  Rontgeutherapy,  Riintgenizing.  I  present  this 
new  nomenclature,  but  1  can  hardly  endorse  it.  I  believe  that  the  word 
*'skiiigraph  *'  and  its  modilications  are  more  easily  i>ronounced,  more 
general,  and  more  euphonious. 

The  diflerentiation  iK^twrn^'n  an  ordinary  photograph  and  a  skiagraph 
is  as  follows:  A  photograph  is  an  image  produced  on  a  st»nsitive  plate 
in  a  camera  by  ordinary  light,  rellected  from  the  surfiice  of  the  objei^t, 
converging  and  passing  through  a  lens  or  pin-hole  and  then  diverging 
and  falling,  thus  i)roducing  a  nMlno^d  size  of  the  image  on  the  plate. 
Therefore,  a  i)liotograph  is  a  '' reflect e<r'  picture,  and  we  see  only  that 
j)art  of  the  obje<'t  that  is  near  or  towind  the  optical  i)erimeter  when  the 
obj(M*t  is  opai^iie ;  if  transi)arent,  the  refraction  obscures  the  clearness  of 
th<?  fai-ther  side. 
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In  Hkiagraphy  the  X-rays  emanate  from  a  small  point  >  1  mm.  anode)^ 
diverge  and  pass  through  bodies  opaqoe  to  ordinary  light,  throwing  a 
relative  shadow  of  the  object  on  a  sensitive  photographic  plate,  producing 
merely  an  actual  silhouette.  The  skiagraph,  therefore,  is  produced  by 
transmitter!  light. 

Biffore  taking  a  skiagram,  determine  the  best  possible  position  that 
can  lie  secured,  by  first  employing  the  fluoro^^cope,  and  then  substituting 
for  it  the  sensitive  photographic  plate.  On  the  latter  the  image  cast  will 
appear  reversed, — i.e.j  the  bones  will  appear  white  and  the  surrounding 
soft  structures  chirker.  due  to  the  fact  that  in  the  bones  more  rays  will  be 
al>s^>rl)ed,  fewer  penetrate,  and  hence  there  will  be  decreased  oxidation  on 
the  photographic  plate.  When  a  photographic  print  is  made  from  this 
negative,  the  appearance  will  be  identiad  with  the  fluoroscopic  image. 
(Hereafter  the  term  skiagraph  or  skiagram  will  lye  used  for  the  printeti 
positive,  and  the  developed  sensitive  (photographic)  plate  will  be  termed 
the  negative.) 

B.  The  Patient. 

History  Taking.  —  It  is  advisable  to  take  complete  histories  of  all  cases. 
I  employ  the  accompanying  blank  in  book-form  in  the  Philadelphia 
Hcjspital  and  in  private  work.  Its  main  features  are,  the  history  of  the 
case  and  the  technic  employed  in  ejich  instance. 

Preparation  of  the  Patient. — Expose  the  part  to  be  skiagraphed  by 
removing  tli<*  clothing.  If  the  part  is  an  extremity,  have  it  totally  bared. 
Wlien  cxjuiiining  the  chest  or  abdomen,  should  the  patient  be  chilly  or 
complain  of  the  unpleasant  sensation  caused  by  the  plate,  or  be  abashed 
at  tin*  thought  of  completely  disrobing,  the  wearing  of  an  undergarment 
may  be  permitted,  or  the  part  may  l>e  covered  by  a  sheet  of  white  linen, 
care  hciu;;  taken  to  remove  buttons  and  pins,  and  not  permitting  any 
wrinkles  or  creas<\s  to  exist  in  the  fii^ld  to  be  examined.  If  a  x^art  of  the 
forearm  or  leg  is  to  be  examined  for  fracture,  dislocation,  etc.,  splints  and 
«ln*ssings  of  iodofoiin,  boric  acid,  bismuth  subnitrate,  leiid  water  and 
laudanum,  et<'.,  must  all  be  removed  and  the  part  skiagraphed  in  a  bared 
condition.  If  a  compound  fnicture  is  examined,  avoid  infection  by 
covering  with  a  thin  sterilized  gauze.  In  examining  the  abdomen,  a 
purgative*.  shouUl  be  administered  ten  or  twelve  hours  prior  to  the  exami- 
nation. The  patient  must  not  be  permitted  to  indulge  in  eating  solid  food 
])revi<Mis  to  the  examination.  The  urinary  bladder  should  be  emptied  l)e- 
fore  being  skiagraphed,  for  calculi,  and  a  rectal  enema  given.  The  walls 
of  the  stomach  may  be  readily  outlined  by  having  the  patient  ingest  large 
doses  of  bismuth  subnitrate  for  two  weeks  i)rior  to  the  examination. 

Po.Hititni  of  Pafirnf.  The  patient  should  be  placed  in  a  comfortable 
position.      It  is  sometimes  not  possible  to  do  this,  hence  the  necessity  of 
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conductiug  the  examination  rapidly,  but  without  sacrificing  the  results 
desired.  In  order  to  ascertain  the  necessary  position  for  the  patient  to 
occupy  first  examine  with  the  fluoroscope. 

The  patient  may  assume  various  positions  in  skiagraphic  work, 
which  will  be  dealt  with  under  the  various  clinical  conditions.  They 
are  :  the  erect  or  sitting,  anterior,  posterior,  or  lateral,  recumbent^  dorsal 
decubitus  and  ventral,  named  after  the  position  or  view  of  the  part  that 
is  in  contac»t  with  the  sensitive  plate  or  fluoroscope. 

Immobilization  of  the  Fart.  — To  obtain  the  sharx)est  outlines  on  the 
plate,  the  patient  must  not  be  permitted  to  move  while  under  examination, 
or  failure  will  be  the  inevitable  result.  Those  that  are  timid  should  be 
previously  instructed  to  ignore  noises,  flashes,  etc.,  necessarily  occurring 
during  the  examination.  It  is  better  for  the  skiagrapher  to  have  an 
under-expose<l  plate  nither  than  one  that  is  blurred.  This  blurring  may 
be  independent  of  the  patient,  and  be  caused  by  the  shaking  of  the  tube 
or  the  table,  or  of  both. 

The  part  to  be  examined  may  be  held  in  one  position  by  firmly 
strapping  it  to  the  table,  although  I  seldom  find  this  necessary.  In  cer- 
tain cases,  as  in  fractures,  where  there  is  movement  of  the  part  (the  result 
of  muscular  spasm),  the  annoying  symptom  may  be  met  by  steadying 
the  limb  with  sand-bags,  etc.  When  it  is  found  imi)ossible  to  keep 
children  and  the  insane  under  control,  resort  must  be  had  to  hypodermic 
injections,  or  to  the  administration  of  an  anaesthetic. 

C.  Plates,  their  Preparation,  Size,  and  Protection. 

The  plates  as  sent  by  the  maker  are  not  ready  for  use ;  hence  it 
becomes  necessary  to  assort  and  arrange  them  in  a  dark  room,  so  that 
they  may  be  conveniently  handled  by  the  examiner.  Place  the  plate  in 
a  black  paper  envelope,  which  in  turn  is  covered  by  a  heavy  yellow  one  ; 
this  prevents  injury  by  light,  though  it  will  be  affected  by  the  X-rays 
with  as  great  ease  as  desired.  The  size  of  the  plate  depends  upon  the 
dimensions  of  the  part  to  be  skiagraphed ;  those  that  I  usually  employ 
are  one  size  larger  than  is  absolutely  necessary.  The  plate  should  be 
protected  against  breakage,  damage  from  i)erspiration  or  other  excretions 
of  the  body,  and  from  hejit.  To  insure  against  breakage,  it  should  be 
phiced  over  a  smooth  board,  as  I  find  that  a  plate-holder  is  objection- 
able in  preventing  the  approximation  of  the  plate  close  enough  to  the 
part  to  be  examined,  thus  preventing  sharp  definition  of  shadows. 
Between  the  patient  and  the  plate  I  introduce  a  blotter  or  a  sheet  of 
aluminium,  oiled  silk,  or  celluloid,  which  prevents  injury  from  sweat, 
urine,  etc.  For  the  sake  of  comparison,  it  is  a  wise  provision  to  have  the 
plate  large  enough  to  take  both  sides  of  the  body  (hips,  shoulders,  etc. ). 
For  this  purpose,  place  the  tube  in  the  median  line  of  the  body  and  take 


218  ELECTEO-THERAPEUTICS. 

both  sides  with  one  exi)osure.  This  obviates  the  error  that  would  result 
if  the  two  sides  were  taken  separately,  when  in  all  probability  the  posi- 
tions would  be  different.  AMiere  the  plate  cannot  be  brought  in  contact 
with  the  part,  owing  to  a  curvature  of  the  latter,  as  on  the  flexor  or 
extensor  surfaces  of  the  elbow,  or  on  the  spine,  in  common  with  othei*s, 
I  at  times  resort  to  the  use  of  a  film.  The  plate  should  be  placed  against 
or  under  the  part  examined,  with  the  gelatine  side  up.  The  part  should 
be  as  nearly  centralized  on  the  plate  as  possible,  so  as  to  get  the  imjwrt- 
ant  outlining  shadows  directly  in  the  centre  of  the  plate.  Bays  should 
fall  as  nearly  perpendicular  as  possible. 

Data  an  the  Negative,  — It  is  always  advisable  that  the  plate  should  be 
marked  so  as  to  guard  against  errors.  The  method  of  plate-marking 
that  I  employ  consists  in  placing  lead  letters  and  numbers  in  reverse  type 
in  the  corner  of  the  plate,  designating  the  part  examined,  the  date, 
the  name  of  the  operator,  and  also  the  name  of  the  institution.  The 
letters  and  numbers  employed  for  this  purpose  should  be  small,  so  as  to 
not  occupy  too  much  space  on  the  plate.  AVhen  exposing  a  part  I 
usually  indicate  on  the  plate  whether  ^^right'^  (R)  or  **left"  (L). 
When  making  more  than  one  exposure  of  the  same  part,  I  usually 
indicate  the  number  of  separate  exposures  consecutively  by  placing 
on  the  plate  the  lead  letters,  A,  B,  and  C.  In  medico-legal  cases  an 
identifying  mark  is  most  important. 

D.  Selection  and  Use  of  the  Crookes  Tube. 

The  Crookes  tube  must  be  selected  according  to  the  requirements  of 
the  case.  Thus,  the  ^^hard"  tube,  which  produces  a  greater  degree  of 
penetnibility  of  the  niyn,  is  adapted  for  the  thicker  parts,  in  detecting 
the  larger  foreign  bodies,  and  in  taking  a  negative  of  a  fracture  through 
a  plaster  Ciist.  In  making  skiagraphs  of  children,  where  their  move- 
ments would  ordinarily  blur  the  negative,  the  short  exposure  required  by 
this  variety  of  tube  is  a  marked  advantage. 

AYhen  soft  tissue  differentiation  is  to  be  brought  out,  as  in  skia- 
graphing  a  muscle  tumor,  a  cyst,  a  small  foreign  body,  or  a  tuberculous 
focus  in  bone,  resort  must  be  made  to  ''  medium'-  or  even  '^hard'-  tubes. 

The  consensus  of  oi)inion  among  the  i)rofession  is  that  a  soft  tube  is 
desiral)le  for  skiagraph iiig  soft  tissues  in  order  to  obtain  a  clear  tissue 
differentiation.  But  I  have  abundantly  proved  that  with  a  hard  tube,  a 
short  exposure,  and  proper  development,  the  Siime  end  may  be  attained. 
The  advantages  of  the  latter  method  are  :  The  time  of  exposure  being 
brief,  the  liability  of  movement  of  the  patient  is  minimized  and  there  is 
less  liability  of  penetration  than  with  a  soft  tube  of  a  longer  exposure. 

Position  of  the  Tube.  —  Souu*  investi^irators  claim  that  no  X-ravs 
are  produced  back  of  tlie  anode,  otliei^  itssert  that  they  do  exist  in  this 
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I>03itiou  Itiit  potiscss  very  little  iieuetmtiug  power.    As  to  wliether  the  raya 
are  nuiforiii  in  peuetratiou  in  tbe  aetive  hemisphere,  or  if  they  jKissess  a 
point  of  maxiniiiiii  iiiteusity,  is  auotlier  disputed  question,     Biiguct  and 
Londe  assert  that  tbe  intensity  of  tlie  fays  varies  at  the  active  hemisphure 
in  different  tubes,  and  in  dififeieut  kinds  of  the  same  tube.     In  some  i 
tubes  the  most  effective  X-rays  ivre  evolved  at  right  angles  to  the  axis  of 
the  tube  j  in  which  case  the  latter  must  be  pla^wd  parallel  to  the  object  J 
to  be  ekiagniphed.     In  other  tubes  the  zone  of  greatest  intensity  is  at  a 
right  angle  to  the  plane  of  the  anode,  when  the  ;iiiodal  surface  should  be  \ 
in  the  centre  and  parallel  to  the  object  under  examination.     I  prefer  a  ] 
position  intermediate  between  these  two.     (See  Fig.  105,  C.) 

M.   Bordier'  says:     "The  direction  of  this  principal  axis,  along  1 
which  the  Bontgeu  effects  are  at  a  maximum,  must  be  determined  sepa- 
rately for  each  focus-tul)e,  and  it  evidently  lies  in  the  median  plane,— i 
in  the  plane  passing  through  the  centre  of  the  cathode  and  perpendicular 
to  the  anti-cathode." 

He  placed  a  series  of  pastilles  in  an  arc,  having  for  a  centre  the 
focus  of  the  anti-cathode ;  the  direction  of  the  principal  axis  was  given 
by  the  pastille  which  was  most  discolored. 

In  experiments  on  three  Miiller  tubes  tested  in  this  way  it  was 
found  that  the  principal  axis  made  an  angle  of  70°  with  the  line  passing 
through  the  centres  of  the  cathode  aud  the  autt-cathode. 

Fonti  of  the  Rayemifting  Area  of  the  Anti-eaihode. — Gocht,'  in  experi- 
menting with  a  pin-hole  camera,  succeeded  in  photographiug  a  luminous 
area  on  the  surface  of  the  anti-catlKxle,  the  ray-emitting  area  having  a 
pyriform -ovoid  shape.  He  asserts  that  the  angle  between  the  plate  and 
the  anti-cathode  at  which  the  spot  of  light  is  most  circular  aud  there  is 
least  penumbra  is  not  45",  but  nearly  65°, 

I>iredion  of  the  Ra>j». — Rays  emanating  from  Crookes  tube  should 
fall  perpendicularly.  To  prove  this,  place  a  metallic  cylindei',  3  or  4 
inches  long,  over  the  plate  or  on  the  screen.  If  the  i-ays  are  perpen- 
dicular the  shadow  cast  will  be  cirt'ular ;  if  the  niys  are  proceeding  in 
an  oblique  direction,  the  shadow  will  be  elliptical  or  the  shadows  of  two 
cross  wires  on  both  the  ends  will  not  lie  superimposed.   (See  Fig.  105,  5.) 

Distatwe  of  Uie  Tube  from  tiie  Plate. — The  thicker  the  part  and  the 
greater  the  extent  in  area  to  be  skiagrapheil,  the  greater  should  be  the 
distajice  between  the  tnl)e  and  the  object.  This  distance  must  be 
measured  from  the  anode  to  the  plate,  and  is  usually  about  20-24  iuches 
(oO  or  60  centimetres).  Where  any  movement  of  the  part  is  likely,  it 
is  preferable  to  place  the  tulje  ckwer,  in  order  to  reduce  the  time  of 
exijosure. 

'  Ari'hives  of  tin;  KonlKfH  Itay,  Jiiue,  1906,  p.  7. 
■Ibi'l,,  April,  190ii,  p.  Hia. 
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E.  Factors  Varying  the  Time  of  Exposure. 

This  is  most  important ;  no  definite  rule  can  be  formalated  relative 
to  the  standardization  of  any  unit  of  time.  The  time  of  exposure  varies 
under  the  following  conditions : 

1.  The  capacity  of  the  apparatus  and  the  penetrability  of  the  ra^'B. 

2.  The  i)eculiarity  of  the  part  to  be  examined. 

Under  the  first  heading  we  must  consider  the  size  and  make  of  the 
apparatus.  If  the  static  machine  Ls  used,  we  must  take  into  account  the 
number  and  size  of  the  plates  and  the  rapidity  of  the  revolutions  per 
minute.  In  the  use  of  the  coil  account  must  be  taken  of  its  size,  and  the 
variety  of  the  interrupter,  with  its  fnxiuency  of  interruptions,  etc. 

Under  the  secondary  heading  we  consider  the  thickness  of  the  part 
and  its  texture.  The  thicker  the  part,  the  more  prolonged  must  be  the 
exposure ;  nevertheless,  while  the  chest  is  as  thick  as  the  abdomen,  the 
latter  requires  a  longer  exposure,  because  the  former  is  more  easily  pene- 
trated by  the  rays,  due  to  the  contained  air. 

Quality  of  the  Rays. — Riijs  of  high  degree  of  penetrability  will  require 
a  shorter  time  of  exposure,  and  conversely  with  rays  of  medium  and  low 
degrees  of  penetration.  The  sensitiveness  and  variety  of  the  plate  play 
a  minor  part  in  the  time  of  exposure.  No  plate  has  thus  far  been  found 
that  is  specially  sensitive  to  the  X-rays  only. 

Intensifying  Screens. — Intensifying  screens  are  intended  to  shorten  the 
time  of  exposure  by  placing  in  contact  with  the  photographic  plate  a 
screen  of  fluorescent  substance,  the  latter  acting  like  ordinary  light  on  the 
sensitive  plate.  It  niiLst  Ixi.lK^rne  in  mind,  that  the  granularity  of  the 
fluorescing  surf^icc  reduces  the  definition  of  the  skiagram,  at  the  same 
time  omitting  details  of  the  smaller  bony  structures,  and  the  necessity 
of  either  using  color-sensitive  (ortho-chromatic)  plates,  or  first  color- 
s(»nsitizing  ordinary  i)lates,  since  the  lx\st  screen  (platino-cyanide  of 
barium)  fluoresces  with  a  yellowish -green  light  which  does  not  greatlv 
aftVct  ordinary  dry  plates. 

I  have  conducted  experiments  that  lead  me  to  the  belief  that  the  ratio 
of  exiM)sure  necessiiry  with  an  intensifying  screen  to  the  time  required 
without  the  scrc^en  is  as  1  to  5  or  (>.  This  screen  will  markedly  assist  in 
the  reduction  of  the  time  of  exi)osure  in  fractures  and  the  presence  of 
foreign  Ixxlies  about  tlie  thicker  structures,  such  as  the  hip,  the  pelvis, 
an<l  the  abdomen.  Of  course*  by  this  pnjccdure  we  siuTifice  the  fine  de- 
tails of  the  softer  structures,  and  for  this  reason  1  have  abandoned  its  use. 

F.  Phhvkntion  of  Si:roNi)AKY  OK  Sacinac  Rays. 

WIhmi  the  K(Witgen  rays  i>enetrate  bodies,  the  so-called  secondary 
rays  of  Sagnae  are  pi"o<luee(l  in  the  tissues.  The  rays  Ixung  primarv, 
th(t  secon<lary  rays  will  in  turn  produce  rays  called  the  tertiary. 
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This  diffusion  or  production  of  secondary  and  tertiary  rays  will  be 
increased  when  the  time  of  exposure  is  increased  and  when  the  part  ex- 
amined is  of  considerable  thickness.  In  order  to  prevent  these  useless 
rays,  which  so  often  cause  a  foggy  appearance  on  the  negative,  many 
devices  have  been  suggested,  principal  among  which  are  the  following  : 

Hie  Lead  Iris  IHaphragin. — By  the  method  of  Albers-Schonberg, 
— i.  e.j  by  means  of  the  compression  diaphragm  (Fig.  99), — the  pri- 
mary rays  are  largely  cut  off,  with  a  consequent  lessening  of  the  sec- 
ondary rays.  The  irradiated  area  is  diminished  in  size,  and  the 
depth  of  the  parts  is  likewise  decreased,  through  the  pressure  exerted  by 
the  compressing  action  of  the  diaphragm. 

Robinson,  in  Holzknecht's  laboratory,  modifies  the  above  by  pressing 
upon  certain  parts  of  the  diax)hragm  with  specially  devised  metallic  rods, 
in  order  to  make  the  diaphi*agm  conform  to  uneven  surfaces,  such  as  the 
ankle,  foot,  knee,  etc. 

I  have  seen  Contremoulins,  of  Paris,  applying  lead  plates  against 
the  flanks  and  chests  of  patients,  to  pi'event  the  disappearance  of  the 
shadows  of  soft  tissues.  He  demonstrated  the  value  of  this  method  by 
employing  these  plates  on  one  side  only.  The  development  of  the 
negative  showed  in  detail  the  shadows  of  the  soft  parts,  while  on  that 
side  where  no  lead  plate  was  applied  the  shadows  of  the  soft  parts  were 
in\Tsible. 

III.  Photography. 

The  photographic  processes  involved  in  the  production  of  a  nega- 
tive from  a  plate  that  has  been  exposed  to  the  X-rays  do  not  differ  from 
those  involved  in  making  ordinary  photographic  negatives.  Experience 
in  this  branch  of  X-ray  diagnosis  is  absolutely  necessary,  hence  steady 
and  continuous  work  is  essential,  in  order  to  become  familiar  with  the 
many  intricate  points  which  so  frequently  arise. 

Dark  Room. — The  dark  room  must  be  absolutely  free  from  ordinary 
light  and  so  constructed  as  to  allow  of  ready  ventilation.  Both  of  these 
requirements  may  be  met  by  utilizing  a  zig-zag  entrance.  The  room 
should  contain  trays,  graduates,  faucets  (for  hot  and  cold  water),  and  a 
suitable  box  or  tank,  encasing  vertical  grooves,  for  the  purpose  of  ^'  fix- 
ing." As  the  process  of  developing,  which  we  shall  presently  describe, 
produces  a  staining  of  the  hands,  and  sometimes  a  dermatitis  from  the 
action  of  metol,  the  use  of  rubber  gloves  is  desirable.  After  employing 
them  for  a  short  while,  the  operator  becomes  accustomed  to  them.  When 
the  developing  is  completed,  they  should  be  thoroughly  rinsed  in  water 
and  hung  up  to  dry. 

Light, — When  developing,  advantage  nmy  be  taken  of  the  ruby  lan- 
tern or  incandescent  lamp,  properly  shielded.     Daylight,  on  account  of 
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eikonogen,  hydrochinone,  and  rodinal.  They  all  undergo  easy  oxida- 
tion ;  hence  sodium  sulphite  is  added  as  a  (b)  preservative.  Combinations 
of  the  above  are  usually  preferred.  Regulate  the  action  of  the  developer 
by  the  addition  of  an  accelerator  or  a  restrainer.  If  the  reducer  acts 
tardily,  add  the  accelerator  (carbonate  of  sodium  or  potassium).  Too 
rapid  developing  with  strong  solutions  is  undesirable;  it  means  lack  of 
gradation,  a  forcing  up  of  the  high  lights  before  the  developer  has  had 
time  to  act  on  the  less  exposed  parts  of  the  plate.  Ready  prepared  de- 
velopers will  not  be  suitable  for  skiagraphic  plates.  It  should  be  remem- 
bered that  the  operator  should  adhere  to  one  kind  of  developer  and 
become  thoroughly  Jicquainted  with  its  action.  The  following  are  the 
formulae  that  I  daily  employ  in  my  laboratory  : 

Water 100  ounces  (3000  c.  c.) 

Metol 120  grains  (8  grams.) 

Hydrochinone 100  grains  (6.6  grams. ) 

Sod.  sulphite  (crystals) 4  ounces.  (120  grams.) 

or 

Water 64    oz.  (1920  c.  c.) 

Eikonogen 1    oz.  (30  grams.) 

Hydrochinone J  oz.  (4  grams.) 

Sod.  sulphite  (crystals) 2J  oz.  (75  gtams.) 

(c)  Accelerator. — With  either  of  these  reducing  solutions,  it  is  neces- 
sary to  employ,  in  conjunction,  an  accelerating  solution,  made  up  as 
follows : 

Water 64  oz.  (1920  c.  c.) 

Potass,  carb.  (crystals) 8  oz.  (240  grams.) 

So<l.  sulphite  (crystals) 2  oz.  (60  grams.) 

The  dry  or  anhydrous  chemicals  are  about  twice  as  strong  as  the 
crystals,  and  vice  versa. 

Combinations  of  hydrochinone  with  metol  when  too  old  should  not 
be  used,  as  they  would  cause  the  negative  to  present  a  ** streaky-'  or 
*^ blotchy''  appearance. 

The  one  solution  developer  of  rodinal  is  convenient  and  effi- 
cient, especially  when  employed  for  two-sided  films  or  plates.  This 
agent  keeps  well  as  long  as  the  containers  are  kept  filled  and  tightly 
corked. 

With  its  use  the  image  apx)ears  quite  rapidly,  but  development 
must  be  continued  until  the  film  is  so  dense  that  no  details  are  discern- 
ible when  viewed  by  transmitted  light.  The  following  formula  may  also 
be  employed : 

Rodinal 1  part. 

Water 20  to  40  parts. 


224  ELECTRO-THERAPEUTK-S. 

An  advantage  of  the  ortol  developer  is  that  it  may  be  repeatedly 
used,  keeping  perfectly  well  as  long  as  the  stock  solution  is  kept  in 
small  bottles  and  tightly  corked.     Formnla : 

Water 60  oz.  (1800  c.  c.) 

Ortol A  oz.  (20  gnuiis. ) 

Potass.  bromMe 20  grains  ( 1^  grams.) 

Salphite  of  &>la  •  crystal?  i 6  oz.  i  180  grams.) 

Carbonate  of  soda  \  crystals  i 5  oz.  (loO  grams.) 

For  nse :  Dilute  one  part  of  the  above  with  two  to  four  parts  of 
water,  ;K*cording  to  the  density  desired. 

(d  •  Retraining  Solution.  — Ten  i>er  cent,  solution  of  potassium  bro- 
mide kept  in  a  tightly  corked  bottle.  (^Pii>ette  and  dropper  are  useful 
adjuncts  in  the  handling  of  this  s«>lutiou.  > 

Tropical  Developer. — For  hot  climates  where  no  ice  is  available. 

Water nO  ounces  \  1500  c.  c. ) 

Salphite  of  s«xla  \ crystals ) 2  oaiices  (60  grams. ) 

Bromide  of  p«jtassiiim 20  grains  (1.3  grams. ) 

Citric  acid 20  grains  ( 1-S  grams. ) 

For  use :  To  4  oz.  of  the  al>ove  solution  add  10  grains  of  dry  amidol. 
Before  developing  place  the  plate  in 

Water 60  parts, 

Formalin 1  part. 


for  alK»iit  three  inimites,   i\H*kiuir  the  tray  mv;isiouallv,  then  rinse  well 
aud  place  in  the  develoi>er. 


I 


B.   MoDis  Dpkkandi  of  Devklopmknt. 

After  the  ]>lato  has  Ihhmi  pn>perly  exposed  it  is  taken  to  the  dark 
room,  the  envelope  oiHMied,  aud  the  plate  reiuoveiL  After  having  Ik^u 
exposiMi,  it  should  uot  Ik*  allowed  to  ivuiaiu  iu  the  exiK>siug  room,  if  an- 
other i-;isi*  is  to  W  skiairnq>luMl.  Plaee  the  plate,  gelatiue  side  up,  in  a 
tray  i'^i  sulheient  size,  and  pour  on  the  developer.     For  development  of 

'Henry  llul::t  vTransiiotions  of  tlu*  .\iiit-riran  Rontgen  Ray  .SixHeiy.  190.>)  say--^; 
"The  «ivvt'lojH'r  whioli  1  u>o  i»»r  t'\iHk<iirt*>  oi  one  sec»nvl  <.»r  less  in  che:;t  work,  I  iise 
tvr  eaiouli  :is  wvll.     It  is  as  i\»lIo\vs  ; 

P•»t;ls^'iunl  carlv^iate.  liry VI  dr.  '^48  gm.) 

Solium  sulphito.  »lr\ ti  dr.  [2\  gm.) 

l\'tassiuni  bromi«lo  ^  10  jhm-  ovnt.  s>l.    -  «»z.  (b^:l  o.  c.) 

HyanH'hinone 4  dr.  (^16  gm.) 

Wau-r 1  tji.  ^1  litre.) 

"If  the  higli  liirhis  U'iiin  to  >ii«>\v  lvf<>re  40  s^vonds.  in>ni  two  to  four  ounces 
inort^  of  tl.e  jv»tas>ir.iii  Kr.'inide  solution  are  added.  iVvelopment  should  l>e  complete 
in  I'-;;r  iiiinutf>." 
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the  plate,  take  four  (4)  parts  of  either  reducing  ageut,  above  mentioned, 
and  about  one-half  (^)  part  of  the  accelerator  solution.  If  the  image 
does  not  appear  in  half  a  minute,  add  another  i)ortion  of  the  accelerator. 
Thus  cautiously  add  at  very  brief  intervals  small  quantities  of  the  accel- 
erator, and  the  image  will  be  better  evolved  than  if  an  excess  of  the 
alkali  be  added  to  the  reducer  at  first.  Start  at  one  corner,  and  with  a 
single  sweep,  pour  on  sufficient  solution,  rocking  the  tray  to  secure 
thorough  immersion  and  evenness.  To  splash  the  solution  is  to  produce 
air  bubbles,  and  the  latter  will  form  spots  on  the  negative.  Should 
air  bubbles  be  detected,  touch  them  lightly  with  a  pledget  of  cotton. 

For  development  of  a  special  make  of  plate,  follow  the  directions 
on  the  box.  Observe  all  changes  going  on  in  the  plate.  After  the  plate 
has  been  developing  for  a  minute  or  longer,  lift  it  from  the  tray  and  ex- 
amine it  by  transmitted  light  to  see  how  far  the  process  of  development 
has  advanced.  This  is  dependent  upon  the  time  the  sensitive  plate  was 
primarily  exposed  to  the  action  of  the  rays,  to  the  thickness  of  the  part 
under  examination,  the  type  of  plate,  and  also  upon  the  temperature  of 
the  developer  and  the  dark  room.  I  always  judge  the  density  by  trans- 
mitted light,  deeming  this  preferable  to  the  reflected  picture  from  the 
sensitive  side.  Another  method  is  the  appearance  of  the  picture  on  the 
glass  side  or  back,  showing  the  reduced  metallic  silver  dei)osited  on  the 
ghiss.  It  will  take  a  longer  time  to  develop  a  plate  of  the  lungs,  pelvis, 
abdomen,  or  the  denser  parts  of  the  body  than  it  does  of  the  hand  or  foot. 
For  the  former  structures  keep  the  plate  in  the  developer  until  the  whole 
surface  is  uniformly  blackened  and  very  little  light  is  transmitted.  In  the 
fixing  bath  the  proper  degree  of  density  will  be  produced.  To  strongly 
contrast  the  bony  and  fleshy  structures  of  a  i)art,  reduce  the  time  of  de- 
velopment or  dilute  the  develoi)er;  the  result  will  be  a  ''soft  negative. '^ 
The  necessary  density  may  be  obtained  later  by  intensification.  For  a 
good  negative,  start  with  weak  developers  and  gi'adually  increase  the 
strength  by  adding  stock  solutions  (the  reducer).  In  order  to  bring  out 
the  details  with  greater  delicacy,  some  prefer  to  use  finst  a  suitable 
hydrochinone  developer,  to  effect  sufficient  density,  and  then  transfer  the 
plate  in  rodinal  or  metol  developers.  When  the  plate  is  sufficiently  de- 
veloped, put  it  in  a  trough  of  running  water  or  under  a  stream  from  a 
spigot,  always  seeing  that  the  gelatine  side  is  up,  and  that  it  is  not  liable 
to  get  scratched  by  any  contact  with  the  spigot  or  other  body.  Continue 
the  washing  for  at  least  two  minutes. 

The  denser  the  structure,  the  less  will  be  the  oxidation  of  the  emul- 
sions, and  consequently  the  later  the  appearance  of  the  part  on  the  i>late. 
If  structures  of  different  densities  appear  simultaneously  on  the  plate,  it 
signifies  over  exposure  ;  in  that  case,  pour  off  the  developer,  and  substi- 
tute a  fresh,  weak  developer.     It  should  be  remarked  that  the  developer 
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An  advantage  of  the  ortol  developer  is  that  it  may  be  repeatedly 
used,  keeping  perfectly  well  as  long  as  the  stock  solution  is  kept  in 
small  bottles  and  tightly  corked.     Formula : 

Water 60  oz.  (1800  c.  c.) 

Ortol i  oz.  (20  grams. ) 

Potass,  bromide 20  grains  (1.3  grams.) 

Sulphite  of  soda  (crystals) 6  oz.  (180  grams.) 

Carbonate  of  soda  (crystals) 5  oz.  (150  grams.) 

For  use :  Dilute  one  part  of  the  above  with  two  to  four  parts  of 
water,  Jiccording  to  the  density  desired. 

(d)  Restraining  Solution,  — Ten  ]}er  cent,  solution  of  potassium  bro- 
mide kept  in  a  tightly  corked  bottle.  (Pii)ette  and  dropper  are  useful 
adjuncts  in  the  handling  of  this  solution.) 

Tropical  Developer. — For  hot  climates  where  no  ice  is  available. 

Water 50  ounces  (1500  c.  c. ) 

Sulphite  of  soda  (crystals ) 2  ounces  (60  grams. ) 

Bromide  of  potassium 20  grains  (1.3  grams.) 

Citric  acid 20  grains  (1.3  grams. ) 

For  use :  To  4  oz.  of  the  above  solution  add  10  grains  of  dry  amidol. 
Before  developing  place  the  plate  in 

Water 60  parts, 

Formalin 1  part, 

for  about  three  minutes,   rocking  the  tray  occasionally,  then  rinse  well 
and  pla<^e  in  the  developer.^ 

B.  Modus  Operandi  of  DEVELOPMrxT. 

After  the  i)late  has  been  properly  exposed  it  is  taken  to  the  dark 
room,  the  envelope  opened,  and  the  plate  removed.  (After  having  been 
exposed,  it  should  not  be  allowed  to  reiuain  in  the  exposing  room,  if  an- 
other case  is  to  be  skiagraphe<l. )  Place  the  plate,  gelatine  side  up,  in  a 
tray  of  sufficient  size,  and  pour  on  the  developer.     For  development  of 

^  Henry  Hulst  (Transactions  of  the  American  Rontgen  Ray  Society,  1905)  says: 
*'The  (leveloiHT  which  I  use  for  exiM)siires  of  one  second  or  less  in  chest  work,  I  use 
for  calculi  as  well.     It  is  as  follows  : 

Potassium  carbonate,  dry 12  dr.  (48  gra.) 

Sodium  sulphite,  dry (>  dr.  (24  gm.) 

Potassium  bromide  ( 10  per  cent,  sol.) 2  oz.  (59.2  c.  c.) 

Hydrochinone 4  dr.  (16  gm.) 

Water 1  qt.  (1  litre.) 

"If  the  high  liirhts  begin  to  sliow  before  40  seconds,  from  two  to  four  ounces 
more  of  the  potiissium  bromide  sokition  are  added.  Development  should  be  complete 
in  four  minute 
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the  plate,  take  four  (4)  parts  of  either  reducing  ageut,  above  mentioned, 
and  about  one-half  (^)  part  of  the  accelerator  solution.  If  the  image 
does  not  appear  in  half  a  minute,  add  another  portion  of  the  accelerator. 
Thus  cautiously  add  at  very  brief  intervals  small  quantities  of  the  accel- 
erator, and  the  image  will  be  better  evolved  than  if  an  excess  of  the 
alkali  be  added  to  the  reducer  at  first.  Start  at  one  corner,  and  with  a 
single  sweep,  pour  on  sufQcient  solution,  rocking  the  tray  to  secure 
thorough  immersion  and  evenness.  To  splash  the  solution  is  to  produce 
air  bubbles,  and  the  latter  will  form  spots  on  the  negative.  Should 
air  bubbles  be  detected,  touch  them  lightly  with  a  pledget  of  cotton. 

For  development  of  a  special  make  of  plate,  follow  the  directions 
on  the  box.  Observe  all  changes  going  on  in  the  plate.  After  the  plate 
has  been  developing  for  a  minute  or  longer,  lift  it  from  the  tray  and  ex- 
amine it  by  transmitted  light  to  see  how  far  the  i)rocess  of  development 
has  advanced.  This  is  dependent  upon  the  time  the  sensitive  plate  was 
primarily  exposed  to  the  action  of  the  rays,  to  the  thickness  of  the  part 
under  examination,  the  type  of  plate,  and  also  upon  the  temperature  of 
the  developer  and  the  dark  room.  I  always  judge  the  density  by  trans- 
mitted light,  deeming  this  preferable  to  the  reflected  picture  from  the 
sensitive  side.  Another  method  is  the  appearance  of  the  picture  on  the 
glass  side  or  back,  showing  the  reduced  metallic  silver  deposited  on  the 
glass.  It  will  take  a  longer  time  to  develop  a  plate  of  the  lungs,  pelvis, 
abdomen,  or  the  denser  parts  of  the  body  than  it  does  of  the  hand  or  foot. 
For  the  former  structures  keep  the  plate  in  the  developer  until  the  whole 
surface  is  uniformly  blackened  and  very  little  light  is  transmitted.  In  the 
fixing  bath  the  proper  degree  of  density  will  be  produced.  To  strongly 
contrast  the  bony  and  fleshy  structures  of  a  part,  reduce  the  time  of  de- 
velopment or  dilute  the  developer;  the  result  will  be  a  ''soft  negative." 
The  necessary  density  may  be  obtained  later  by  intensification.  For  a 
good  negative,  start  with  weak  developers  and  gradually  increase  the 
strength  by  adding  stock  solutions  (the  reducer).  In  order  to  bring  out 
the  details  with  greater  delicacy,  some  prefer  to  use  first  a  suitable 
hydrochinone  developer,  to  effect  sufficient  density,  and  then  transfer  the 
plate  in  rodinal  or  metol  developers.  When  the  plate  is  sufficiently  de- 
veloped, put  it  in  a  trough  of  running  water  or  under  a  stream  from  a 
spigot,  always  seeing  that  the  gelatine  side  is  up,  and  that  it  is  not  liable 
to  get  scratched  by  any  contact  with  the  spigot  or  other  body.  Continue 
the  washing  for  at  least  two  minutes. 

The  denser  the  structure,  the  less  will  be  the  oxidation  of  the  emul- 
sions, and  consequently  the  later  the  appearance  of  the  part  on  the  plate. 
If  structures  of  different  densities  appear  simultaneously  on  the  plate,  it 
signifies  over  exposure  ;  in  that  case,  i)our  off  the  developer,  and  substi- 
tute a  fresh,  weak  developer.     It  should  be  remarked  that  the  dev^eloper 
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must  Dot  Ije  diluted,  as  it  loakes  developmeut  slow,  aud  the  n^ative  will 
be  soft;  this  is  especially  true  of  the  thick  parts ;  instead  put  in  less  of 
the  accelerator  (sodium  carbonate ).  During  the  summer,  put  ice  into 
the  developer,  or  put  the  developing  pan  into  a  tray  of  ice- water.  Tem- 
perature of  the  develoi)er  should  be  Tm^  or  70°  F.  (18°  to  21°  C).  Over 
exi>osed  plates  should  not  be  removed  quickly  from  the  tray,  as  the  de- 
veloper will  not  have  time  to  penetrate  sufficiently  deep  to  affect  the  lower 
layers  of  emulsion ;  although  the  upper  layer  by  its  darkening  may 
deceive  the  operator. 

If  the  image  appetirs  slowly, — /.  e.,  within  a  minute  or  two, — it  sig- 
nifies under  exposure:  in  this  c*ase  tilt  the  solution  to  the  corner  of  the 
tray,  and  add  some  of  the  accelerator.  If  after  this  addition  and  suffi- 
cient development,  the  desired  density  is  not  obtained,  j)our  off  and  wash 
the  plate,  and  employ  a  fresh  developer. 

Of  late  years  the  ''tank"  or  slow  developing  process,  has  been  useil 
by  some  skiagraphers.  The  tank  development  is  to  be  recommended  for 
plates  which  have  not  received  full  exposures  and  for  the  smaller  size 
plates.  It  is  claimed  that  the  length  of  time  to  which  the  plate  is  sub- 
jected to  comparatively  weak  developing  solution  (40  to  60  minutes),  will 
bring  out  much  more  detail  than  the  application  at  once  of  a  more  vigor- 
ous developer.  However,  for  fully  timeil  plates,  I  would  prefer  the 
methods  recommended  above.     The  following  is  Mr.  Cramer's  formula  : 

Stock  Solution. 

Water 32    oz.  ( 1000  c.  c. ) 

(  arhoiiate  of  s<Mia  (dry ) li    oz.  ((52  grams.) 

Sulphite  of  scnla  (<lry  )  acconliiig  to  desired 

col(»r  of  negative 1  to  IJ  oz.         (32-4vS  grams. ) 

Krniiiide  of  ammonium 30  grains.  (2  grams. ) 

Citric  acid 30  grains.  (2  grams.) 

Ilydrochinone 1  dram.  (4  grams. ) 

( dycin 2  drams.  (S  grams.) 

Metol 2  drams.  (S  grams. ) 

Tyro 4  drams.  (16  grams. ) 

l)iss<»lve  tlie  chemicals  in  given  rotati(>n. 

To  preserve  the  stock  solution,  we  recommend  filling  small  bottles 
of  the  exact  siz(»  to  li(d(l  just  enough  for  making  the  diluted  solution 
for  the  tank.     The  hotth^s  should  be  quite  full  and  tightly  corked. 

For  I 'sk  : 

Water 1 20  ounces. 

Stock  Hnlutioii ()  ounces. 

The  developer  should  be  used  fn\sh,  and  its  temperature  kept  1x4wihmi 
60°  and  (>r>°  F.,  until  development  is  completed. 
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It  is  necessary  to  ol)serve  the  following  rules  in  handling  the  developer: 

Xo.  1.  Immerse  the  plates  in  a  tray  of  cool  water  before  putting  them 
in  a  tank. 

No.  2.  Immediately  after  immersing  the  plates  in  the  tank  solution, 
move  the  plates  up  and  down  with  a  quick  motion,  to  prevent  air-bells  or 
bubbles  forming  on  the  surface  of  the  film. 

No.  3.  After  the  plates  have  been  in  the  tank  from  five  to  ten 
minutes,  lift  each  plate  out  of  the  tank  and  reverse  its  i)osition,  by  plac- 
ing that  end  of  the  plate  which  was  at  the  top  of  the  tank  to  the  bottom. 
This  will  prevent  the  appearance  of  streaks,  which  are  sometimes  found 
in  tank  development. 

No.  4.  It  is  well  to  rock  or  shake  the  tank,  at  lejist  once  in  everv  five 
mimites,  during  development.  This  often  prevents  the  appearance  of 
streaks  or  spots  in  the  negatives. 

The  Envelo  developer  (Fig.  106)  is  an  extremely  simple  device^ 
designed  to  develop  two  plates  at  one  time,  by  the  tank  or  stand  metho<L 
It  is  constructed  of  metal,  heavily  nickeled  on  the  outside,  and  coated  on 
the  inside  with  a  liquid  i)roof  composition. 

When  the  plates  are  large,  and  slow  development  is  aimed  at ;  in 
order  to  sjive  time,  resort  may  be  made  to  the  tray- rocker  (Fig.  107) 
which  works  automatically  through  the  agency  of  an  electric  motor. 

Fixing. — After  development,  the  plate  is  washed  in  the  tray  with 
running  water,  instead  of  the  usual  method  of  washing  it,  when  removed 
from  the  tniy.  This  prevents  breakage  of  the  plate  and  likewise  contact 
with  the  develoj)er,  which  would  cause  irritation  to  the  fingers. 

The  process  of  fixing  dissolves  out  all  the  silver  bromide  unacted 
upon  by  the  light  or  developer.  Allow  the  plates  to  remain  in  the  fixing, 
bath  for  three  to  five  minutes,  after  the  chemical  agent  has  been  com- 
pletely removed  ;  this  will  insure  permanency,  freedom  from  stains,  and' 
perfect  hardening.  After  all  ** whiteness"  has  disappeared  from  the 
glass  side,  bring  ^  ^  the  negative ' '  to  the  light.  Leave  it  five  minutes  longer 
in  the  solution,  to  allow  for  thorough  fixing,  as  this  i)late  has  a  thick 
double  coated  emulsion. 

The  acid  chrome  fixing  bath  I  largely  employ,  as  it  does  not  discolor 
and  keeps  longer  than  the  plain  hypo  fixing  solution.  It  is  maxle  a& 
follows : 

Water 100  oz.  (3000  c.  c.) 

Sulphuric  acid 3  oz.  (90  c.  c.) 

Sulphite  of  Sixla 4  oz.         (120  grams.) 

When  dissolved,  add — 

Hyjx)sulphite  of  so<la 2  Ibe. 

Dissolve,  and  add — 

Chrome-alum,  from   one  to  two  ounce.**,  previously  dissolved  in  20 
ounces  of  water.  Follow  by  adding  water  to  make  a  total  of  160  ounces. 
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In  hospitals  and  large  laboratories  it  is  useful  to  employ  two  large 
wooden  boxes  that  act  as  tanks.  (Fig.  108.)  In  the  Philadelphia 
Hospital  I  have  these  boxes  divided  into  different  sized  compartments 
to  accommodate  the  various  sized  plates.  Eiich  compartment  has  six 
vertical  grooves,  for  holding  six  plates.  One  of  these  tanks  contains 
the  acid  hypo  sufficient  for  six  months'  use.  The  other  tank  is  similarly 
constructed,  in  which  the  water  enters  at  the  bottom  and  circulates 
to  the  top,   and  then  overflows  into  a  discharging  pipe. 


Fig.  lOS.— Author's  washi'it;  tank.    The  lixin;.^  tank  i?*  similar  in  construction. 

Washing. — Aft^M*  lixinj^,  washing  must  be  quickly  and  thorou<]fhly 
done.  One  hour's  wasliin;^  with  running  wat(*r  is  sufticient ;  if  tlie  sup- 
j)ly  Ih*  not  so  accossibh ,  place  the  n(»<;ative  in  a  flat  <lisb  and  constantly 
rock  for  Ave  or  ten  minutes.  ('han<jje  the  water  and  repeat  the  process 
for  ont^-hair  to  three-(|uarters  of  an  hour.  Kemov(»  the  negjitive,  again 
wiush  under  Ww  spi*;ot,  usinjj:  a  i)le(lget  of  cotton  to  wipe  otf  any  foreign 
])article  adherin*;'  to  the  gelatine  coating. 

T>ri/inf/. — Dry  the  negative  in  a  room  of  nuxlerate  temperature,  iu 
which  a  ventilatt)r  sui)plies  pk*nty  of  air.      Do  not  dry  iu  the  sun,  iis 
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sunlight  produces  softening  and  increases  the  density  of  the  film.  To 
dry  a  negative  hurriedly, — /.  e.,  in  five  or  ten  minutes, — lay  it  in  a  bath  of 
alcohol  after  washing  thoroughly,  or  put  before  an  electric  fan. 

The  negative  must  be  completely  dried  in  one  room.  To  take  it  par- 
tially dried  into  another  room  and  there  complete  the  process,  will  result 
in  the  finished  negative  offering  a  difference  in  densities.  During  the 
summer  season  the  negative  becomes  denser  than  in  winter. 

Hardenin/jf. — After  fixing  the  negative,  wash  and  place  it  in  the 
following  : 

Water 4  onnces       (120  c.  c.) 

Formaldehyde 1  ounce         (30  c.  c. ) 

Keep  in  this  solution  from  five  to  ten  minutes,  rocking  the  tray  from 
time  to  time.  If  the  solution  is  made  too  strong  the  film  may  peel  off. 
If  hardening  is  done  before  the  fixing,  then  the  fixing  process  should 
require  more  than  usual  time.  This  will  frequently  be  of  necessity  in  hot 
climates  and  during  the  hot  seasons  in  temperate  climates. 

C.  Improvement  of  the  Negative. 

Intenmjieation.  — This  process  with  proper  exposure  and  development 
is  seldom  required,  except  for  special  purposes,  i.  e.,  for  under  exposed 
or  under-developed  plates.  The  negative  is  first  well  washed  and  then 
placed  in  the  following  : 

Mercuric  bichloride 200  gr.         (13.3  grams.) 

Potassium  bromide 120  gr.  (8.0  grams.) 

Water 6*  oz.  (200  c.  c.) 

Keep  the  plate  in  this  solution  a  short  time,  when  it  will  be  observed 
to  he  bleached  uniformly  white,  assuming  the  appearance  of  a  positive  ; 
the  longer  the  negative  is  bleached,  the  denser  it  will  become.  It  is 
again  thoroughly  rinsed  and  washed  under  the  spigot  for  at  least  a  half 
hour  in  running  water,  and  then  blackened  in  the  following  solution  : 

Sodium  sulphite 1  oz.  (30  grams.) 

Water 4  oz.  (120  c.  c.) 

or 

Ammonia 20  min.         (Ic.  c.) 

Water  1  oz.  (30  c.  c. ) 

It  now  being  blackened,  it  is  again  washed,  followed  by  drying. 
The  least  yellowish  cast  indicates  that  the  negative  has  not  been  washed 
sufficiently  after  the  bleaching.  The  prints  of  such  negatives  show  the 
soft  tissues  very  faintly,  producing  a  great  contrast,  and  on  account 
of  their  great  density  they  print  v<»ry  slowly. 
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General  reduction  is  used  when  the  negative  is  veiy  dense,  aB  a 
result  of  over  exposure,  over  development^  or  wh^«  there  is  an  exeomivip 
amonnt  of  alkali  present  in  the  developer.  To  correct  this  use  the 
following  solution : 

^.— Water 16  oe.  (500  c.  c) 

Hyposulphite  of  soda 1  oz.  (90  gnuns.) 

A— Water 16  oi.  (500  c  c) 

Potass,  ferricyanide .   1  oz.  (90  gnina.) 

Mix  8  parts  of  solution  ''A"  and  one  part  of  solution  ^B,"  and  use  in  sabdued 
daylight 

The  n^ative  can  be  placed  in  this  solution  directly  after  fixing. 
If  a  dry  n^ative  is  to  be  reduced,  it  must  be  soaked  in  water  for  at  least 
half  an  hour,  before  applying  the  solution.  To  avoid  streaks,  always 
rinse  the  n^ative  before  holding  it  up  for  examination.  As  aoon  as 
sufficiently  reduced,  wash  thoi'oughly.  When  not  in  use  keep  aolation 
'^'B"  protected  against  the  action  of  light. 

A  gradual  uniform  reduction  will  take  place,  its  rapidity,  of  coarse, 
depending  upon  the  quantity  of  potassium  ferricyanide  added.  When 
sufficiently  reduced,  wash  and  thoroughly  dry.  To  reduce  lociUly,  apply 
carefully  with  a  brush  or  cotton  some  of  the  solution  on  the  wet  nega- 
tive, allowing  it  to  remain  until  sufficiently  reduced ;  follow  by  thor- 
oughly wa8hiiig  and  drying. 

The  other  reducing  iigent  consists  of  persulphate  of  ammonia  in 
water.  One  part  to  forty  is  strong  enough  for  most  purposes  (J  oz.  to 
10  ounces).  This  solution  does  not  keep  well,  and  should  be  made  as 
required.  Its  action  on  the  phite  must  Ik*  carefully  watched — it  acts 
slowly  in  the  beginning,  and  then  all  of  a  sudden  very  rapidly.  After 
sufficient  reduction,  rinse  thoroughly,  and  place  in  a  10  jter  cent,  solution 
of  sulphite  of  soda.     Wiush  well  again  and  di\v. 

There  is  a  great  difference  in  the  action  of  these  two  reducers. 
Potassium  f(^rricyanide,  like  most  ri^ducers,  attacks  the  fine  details 
moix>  readily  than  the  denser  i)arts,  the  negative  becoming  harder  and 
thinner.  The  persulphate  reducer,  on  the  contrary,  api)ears  to  reduce 
the  denser  parts  more  in  proportion,  so  that  the  n^ative  becomes 
slightly  Hatter. 

Local  Reduction. — This  consists  of  bringing  in  contact  with  a  cert;iiii 
part  of  the  negative  some?  reducing  agent,  de^trojdng  contrast  to  some 
extent.  Let  us  suppose  a  negative  having  a  i)rinting  effect  of  faintly 
bringing  out  the  fleshy  part  and  deeply  the  osseous  part ;  should  we 
desire  to  bring  out  more  heavily  the  fleshy  i)art,  we  employ  what  is 
termed  the  local  reducer.  To  place  this  only  on  the  "fleshy"  part  of 
the  negative  requires  a  great  deal  of  skill — the  effect  being  to  further 
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reduce  the  silver  salt,  thus  giving  more  chance  for  the  mys  of  light  to 
penetrate  the  negative  and  printing  the  paper  more  heavily.  The  best 
results  in  local  reduction  can  only  be  obtained  by  constant  practice.  In 
local  reduction  the  plat«  must  be  previously  wet,  as  otherwise  a  streaked 
appearance  will  result. 

Causes  and  Prevention  of  Faulty  Negatives.  Fogging. — A  total  black- 
ening of  the  plate  under  development  is  distinguished  from  other 
types  of  fogging  in  that  the  former  remains  clear  at  its  edge.  Fog 
also  results  from  a  developer  containing  too  much  alkali,  too  high  a 
temperature,  or  exposure  to  other  rays  than  those  emanating  from 
the  Crookes  tube.  Improper  or  too  much  light  in  the  dark  room  also 
causes  fogging.  General  fogging  cannot  be  remedied  ;  the  negative, 
however,  may  be  sufficiently  cleared  by  a  reducer,  followed  by  intensi- 
fication. 

Stains. — Deep  yellow,  orange,  or  brown  stains  appearing  gradually 
either  in  patches  or  all  over  the  plate  may  result  from  imperfect  fixing 
or  incomplete  washing  after  fixing.  Another  cause  for  these  stains  is 
decomposed  hypo  in  the  film  by  improper  washing,  or  the  use  of  alum 
or  acids.  Over  developing  frequently  causes  greenish  stains  (excess  of 
reducing  agent). 

Spots. — Spots  or  pin-holes  in  negatives  are  usually  due  to  air- 
bubbles  and  decomposition  of  the  films.  Small  clear  spots  generally 
result  from  dust  particles.  Another  type  of  transparent  spot, 
irregular  in  shape,  results  from  the  scum  of  the  developer.  This  is  only 
seen  on  the  surface  of  very  old  developers.  Sediment,  accumulating  in 
the  trays,  graduates,  and  solution  bottles,  may  come  in  contact  with 
the  film,  thus  interfering  with  the  action  of  the  developer,  the  result 
l>eing  spots.  Particles  of  undissolved  developer  (x^yrogallol)  adhering 
to  the  film  produce  irregular  dark  spots.  Cleanliness  in  all  the  steps 
of  the  developing  process  is  the  only  preventive  against  the  formation 
of  spotvS. 

D.  Prfnting  (Positive),  Toxrxci,  and  Mounting. 

The  X-ray  image  of  the  negative  may  be  x>i*inted  on  paper  as  in 
ordinary  photography.  All  diagnoses,  Jis  far  as  i)nicticable,  should  l)e 
made  from  readings  from  the  negative  instead  of  from  the  print.  Tliei*e 
are  instances,  however,  where  information  may  be  gained  from  the  print 
which  inadvertently  had  been  overlooked  in  the  interpretation  of  the 
negative.  Another  advantage  in  iLsiug  the  print  is  that  it  may  be  passed 
among  a  class  of  students  for  study,  a  procedure  that  might  endanger  a 
valuable  negative.  A  properly  exposed  and  well  developed  negative 
usually  serves  to  produce  a  good  print  on  almost  any  reliable  paper.  The 
commonest    printing-out    paper    used   in   this    work    is    the  ordinary 
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^^albuma,"  the  printing  of  which  is  conducted  by  sun-light.  The 
advantage  of  this  paper  is  that  the  strength  of  printing  process  may  be 
easily  controlled. 

^*  Dodging^''  is  a  method  employed  for  reducing  inequalities  of  a  print 
from  a  gooil  negative.  We  can  best  understand  this  method  by  citing  an 
example.  Let  us  take  a  negative  of  the  hand  ;  it  is  placed  in  a  regular 
printing  frame  as  already  referred  to.  We  are  all  aware  of  the  fact  that 
the  carpo-metacarpal  part  of  the  negative  has  been  reduced  by  the  devel- 
oper to  a  less  extent  than  the  phalangeal  portion.  Therefore  in  the  print 
the  former  portion  would  be  shown  more  strongly  than  the  latter,  because 
more  rays  can  come  in  contact  with  the  paper.  In  order  to  equalize. the 
print,  we  ^^ dodge''  the  carpo-metacarpal  portion  of  the  hand  by  con- 
stantly moving  a  piece  of  card-board  above  it, — i.  e.y  we  shield  it  against 
further  action  of  the  light  rays.  This  i)ermits  of  the  phalangeal  portion 
being  printed  to  the  extent  desired.  Were  we  to  cover  the  carpo-meta- 
carpal  portion  by  laying  card-board  over  it,  without  moving  it,  a  divid- 
ing line  would  be  readily  discernible,  being  exactly  the  opposite  of  what 
we  desire  to  achieve. 

Grouml' Glass  Substitute. — The  glass  surface  of  the  plate  is  cleaned  of 
all  dust  particles,  finger  marks,  etc.,  and  a  solution  of  certain  gum  resins 
in  ether  called  ground-glass  substitute  is  poured  evenly  over  the  surface, 
precaution  being  exercised  to  prevent  the  liquid  from  coming  in  contact 
with  the  film.  The  ether  evaponites  more  rapidly,  leaving  behind  an 
even  coating  of  gum  resin,  which,  adhering  firmly,  gives  a  ground  glass 
appearance.  The  negative  may  now  be  ^^ evened  up'-  by  daubing  burnt 
umber  into  the  gum  layer  corresponding  to  those  parts  which  are  ^^  thin/' 
To  even  up  a  negative  re(iuires  skill,  and  in  order  to  guard  against  any 
errors  T  advise  the  use  of  a  print  from  the  ne<jcJitive  before  it  has  been 
prepai^ed,  thus  acting  as  a  guide.  \^  the  negative  is  uneven,  scrape  the 
ground-ghiss  substitute  from  those  parts  that  are  too  oi)a(iue  to  the  rays, 
thus  allowing  of  the  easy  passage  of  the  latter.  Soft  negatives  should  be 
printed  with  tissue  paper  over  the  printing  frame.  With  a  little  practice, 
the  inexperienced  will  rapidly  le^irn  the  art  of  develo[)ing.  It  is  better 
that  he  do  this  work  himself  than  to  rely  (m  the  S(»rvices  of  professional 
photographei*s. 

T>f!veJopitt(/  Vapcrs. — Velox  and  bromide  papers  can  only  Ik*  i)rinted 
in  dark  rooms  by  artificial  light,  the  scMisitized  surface  of  the  paper  being 
l>laced  against  the  gelatine  side  of  tlie  negative,  and  the  i>rinted  image  is 
brought  out  by  a  process  of  developing.  The  advantage  of  these  papers  is 
the  rapidity  with  which  the  printing  is  done  without  the  aid  of  sunlight. 
The  time  of  exposure  to  artitieial  light  can  be  ascertained  only  by  follow- 
ing the  directions  and  by  experience.  Yelox  and  bromide  paper  should  l)e 
developed  according  to  tlie  *'  instructions''  accompanying  each  package. 
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Toning  Process. — Albuma  paper,  after  being  printed,  should  be 
trimmed,  an(J  then  washed  in  running  water  until  it  ceases  to  be  ^' milky." 
The  prints  should  now  be  placed  face  to  back,  one  upon  the  other,  and 
introduced  into  the  toning  solution.  The  lowest  print  is  then  removed 
and  placed  upon  the  uppermost,  continuing  this  process  for  some  time. 

Toning  Solution. 

Chloride  of  gold 20  gr.         (1.25  gmms. ) 

Acetate  of  soda 1  oz.  (30  grams.) 

Water 20  oz.  (625  c.  c.) 

Keep  slightly  alkaline  by  frequently  adding  sodium  bicarbonate. 
Of  the  stock  solution  take  an  ounce,  dilute  it  with  ten  ounces  of  clear 
water ;  it  is  then  ready  for  use. 

Put  the  prints  into  this  solution ;  keep  them  moving,  thus  insuring 
even  toning.  If  the  toning  be  too  slow,  a  few  drops  of  the  stock  solution 
should  be  added  to  the  diluted  toning  solution.  On  the  other  hand,  if  the 
toning  is  too  rapid,  a  small  quantity  of  water  should  be  added.  Usually 
from  15  to  20  minutes  are  required  to  bring  out  an  even  and  proper 
tone.  After  the  toning  process  is  completed,  the  prints  are  thoroughly 
washed  for  some  time  in  running  water.  The  prints  are  next  introduced 
into  a  fixing  bath  which  consists  of 

Hyposulphite  of  soda 2  oz.         (60  grams.) 

Water 20  oz.  (600  c.  c.) 

In  this  solution  they  should  be  allowed  to  remain  for  at  least  15  or 
20  minutes,  keeping  them  in  motion.  All  these  processes  should  be 
conducted  in  a  dimly  lighted  room. 

Mounting. — After  the  prints  have  been  thoroughly  fixed,  they  are 
again  washed  for  several  hours  in  running  water.  They  are  next  placed 
separately  on  a  plate  of  glass  (face  downward)  before  drying,  and  all  the 
\iTinkles  are  rolled  out  by  blotting  paper.  The  back  of  each  print  is  now 
painted  with  photographic  piiste  and  mounted  on  stiff  card-board.  Blot- 
ting paper  is  placed  on  the  face  of  each  print,  and  a  roller  used  before  the 
print  has  dried,  to  remove  any  wrinkles. 

Positives. — Another  method  of  printing  consists  in  placing  the  X-ray 
negative  into  a  regular  printing  frame,  and  a  sensitive  plate  behind  it. 
Everything  being  in  total  darkness,  light  a  match  and  expose  the  plate 
for  5  or  8  counts.  Develop  the  plate  in  the  usual  manner,  the  result  be- 
ing a  '^ positive.''^  These  positives  are  the  exact  size  of  the  negative 
(contact  print),  while  transparencies  and  lantern  slides  are  reduced  in 
size.  If  prints  are  made  from  these  positives,  the  bones  will  appear 
white,  the  fleshy  parts  dark,  etc.,  similar  to  the  appearance  of  the  original 
negative. 
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Transparencies  and  Lantern  Slides  or  Diapositives, — The  reduced  trans- 
parencies appear  with  fuller  detail  and  are  easily  handled  and  convenient 
for  exhibiting  purposes.  The  reduced  transparency  can  be  obtained  by 
putting  the  original  negative  in  a  camera  or  window,  the  negative  being 
transilluminated  and  focused  over  a  4  x  5  inch  (10  x  12.5  cm.)  sensitiv^e 
contrast  plate  and  developed.  If  a  smaller  sized  plate  be  used,  3J  x  4 
inches  (8.2  x  10  cm.),  we  obtain  a  lantern  slide  for  projection.  In 
making  prints  from  these  negatives,  the  bones,  for  example,  will  appear 
white,  a  circumstance  that  will  often  prove  useful. 

Batelli  and  Garbasso  were  the  first  to  suggest  the  wisdom  of  obtain- 
ing reduced  photographs,  from  images  observed  on  the  fluoroscopic 
screen,  the  advantage  being  that  small-sized  plates  may  be  readily  em- 
ployed. But  certain  disadvantages  of  the  method  at  once  present  them- 
selves. The  image  on  the  screen  must  l>e  steady,  and  there  is  required 
an  ortho-chromatic  plate,  with  a  long  exposure,  iis  the  image  formed  is 
yellow  in  color.  The  process  is  not  well  develoi>ed  iis  yet,  but  when  it 
is,  an  additional  precaution  will  be  the  protection  of  the  camera  from 
the  rays. 

IV.  Interpretation  of  X-ray  Negatives. 

This  is  more  difficult  than  making  the  negative,  because  of  the 
superimposition  of  shadows  of  varying  densities.  The  trained  eye  of 
the  X-ray  specialist  alone,  can  indisputably  interpret  the  negative  with 
any  degree  of  correctness. 

Tilt*  negative  sliouhl  \yc  a  satisfactory  one  of  the  special  structures 
under  examination.  If  it  is  found  to  be  unsatisfaetory,  a  duplicate  should 
be  made  ;  if  this  is  not  (?:usily  procurable,  the  ne<;jative  can  l)e  improved 
by  the  ])roeess  that  I  have  mentioned  in  the  chapter  devoted  to  pho- 
tography. In  those  cases  wliere  dilliculty  is  encounteied  in  arriving  at 
a  positive  diagnosis  it  is  imi>erative  that  a  duplicate  be  made  in  order 
to  confirm  the  earlier  diagnosis. 

A  blurred  nt^gative  cannot  be  remedied  and  is  in  every  way  inferior 
to  an  under-  or  an  over-exposed  i)lat4\ 

The  skiagrapher  sliouhl  keep  full  data  of  the  technic  when  making 
the  negative.  He  should  always  endeavor  to  interpret  it  correctly  and 
to  comi)are  it  with  a  negative  of  the  corresponding  part  in  the  sjime 
individual;  he  should  study  each  part  and  its  anatomy,  and  make  him- 
self thoroughly  infornicMl  upon  every  subject  that  comes  to  him  for 
diagnosis  and  opinion. 

Ifow  to  View  thr  Nrgittlve.  -  It  is  of  prime  imimrtance  to  know  the 
exact  relations  of  the  tulx*  and  the  position  of  the  part  to  the  plate. 

The  X-rays  enranate  from  a  small  point  on  the  anode,  diverge,  and 
then  traverse  the  object,  casting  enlarged  shadows  on  the  fluoroscope  or 
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plate.  The  collections  of  silhouettes  are  therefore  superimposed — i.  r., 
there  is  a  corai)Osite  of  the  shadows  of  the  object  near  the  tube  and  those 
near  the  plate.  "WTien  a  negative  Is  dry  and  i*eady  to  be  examined,  the 
eye  of  the  skiagrapher  or  observer  should  take  the  i)lace  of  the  anode  of 
the  Crookes  tube,  the  film  or  gelatine  side  fiK'ing  the  interpreter's  eye, 
equal  to  the  distance  of  the  tube  from  the  plate. 

Suppose  that  the  right  palm  is  in  cx)ntact  with  the  sensitive  side  of 
the  plate,  when  examining  the  negative,  it  follows  that  the  negative  will 
be  seen  when  the  gelatine  side  is  toward  the  observer's  eye  ;  but  if  the 
observer's  eye  corresponds  to  the  Crookes  tube,  then  the  dorsum  of  the 
hand  will  be  brought  into  ^dew.  On  the  contrary,  with  the  glaas  side 
toward  his  eye,  the  observer  views  the  dorsum  of  the  left  hand  or  palmar 
view  of  the  right  hand,  which  is  equal  to  the  fluoroscopic  view  or  a 
print.  For  instance,  a  patient  is  in  the  dorsal  position,  the  plate  placed 
against  the  back  and  the  tube  over  the  sternum,  with  the  gelatine  side 
(film)  toward  the  observer's  eye  and  the  eye  corresponding  to  the 
Crookes  tube  ;  then  this  negative  will  show  as  though  the  observer  were 
looking  through  the  anterior  wall  of  the  thoi'ax ;  the  left  side  of  the 
patient  will  be  liis  right  side  and  vice  versd. 

If  you  examine  this  negative  with  the  glass  side  towards  your  eye 
(which  is  equal  to  placing  the  fluoroscope  to  the  back,  or  looking  at  a 
print)  the  right  side  of  the  patient  will  be  your  right  side,  etc. 

If  a  ventral  or  anterior  view  is  taken,  place  the  plate  in  front  of  the 
chest  and  the  tube  posterior  ;  when  this  negative  is  examined  (film  side 
towards  the  eye),  the  patient  is  viewed  through  the  back,  his  riglit  side 
will  be  your  right  side,  etc. ,  but  if  you  look  at  the  glass  side  of  the  neg- 
ative, then  this  will  be  equal  to  the  fluoroscopic  view  or  a  print,  i.  e.,  the 
patient's  right  side  will  be  your  left  side,  etc. 

I  prefer  to  make  the  examination  or  interpretation  directly  from  the 
negativ^e  and  not  from  tlie  prints,  bec*ause  prints  reverse  the  views.  If 
we  look  at  prints  of  the  anterior  view  of  the  thorax,  our  eyes  do  not 
correspond  to  the  anode  of  the  Crookes  tube,  but  we  are  looking  at  the 
front  of  the  chest  and  rays  are  coming  through  the  back  of  the  patient ; 
we  call  this  the  ventral  view,  etc., — /.  e.,  the  view  or  part  that  is  next  to 
the  gelatine  side  of  the  plate,  the  fluoroscope,  or  print,  or  its  equivalent 
to  the  negative  glass  side  toward  our  eyes.  The  negatives  should  be 
placed  or  held  with  the  gelatine  side  toward  the  examiner's  eyes,  because 
in  this  position,  we  look  through  the  object  and  see  its  shadows  more 
correctly  and  truer  in  their  relation  to  each  other.  There  will  likewise 
be  no  reflection  of  light  from  the  film,  as  there  will  be  from  the  glass 
side.  The  negative  can  be  held  by  the  examiner  who  nmnipulates  it,  by 
viewing  it  from  different  angles,  or  an  assistant  holds  the  plate  and  the 
operator  examines  it  from  different  distances  and  angles. 
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A  better  plan  is  to  place  the  negative  in  a  windov,  lower  the  ear- 
tain,  and  allow  the  light  to  come  throngh  the  n^atlve.  I  often  prefer 
to  place  the  n^ative  in  the  window  of  the  d^k  room  and  '"*™i'«  it 
either  alone  or  by  a  similar  negative  of  the  coireHponding  part  of  the 
same  p«son ;  if  this  be  not  poesible,  I  employ  the  n^^ve  of  some 
other  person  and  then  compare  them  side  by  side.  Another  eagy  method 
is  to  place  the  n^ative  in  a  photographer's  retondiing  desk,  which  is  bo 
very  convenient  for  small  n^atives. 

I  have  devised  a  viewing  box  (Fig.  109)  which  I  employ  at  the 
Philadelphia  Hospital.  This  box  accommodates  any  sized  negative  and  is 
capable  of  rotation,  and  thus  without  any  displacement  the  negative  can 
be  viewed  at  any  angle  and  also  in  the  vertical  or  horizontal  pesitioii. 


iirT>Iivi>-vli.>wliiK  It 


This  box  contaius  three  series  of  eight  l-.  p.  lights  behind  the  gronnd 
glitss.  Mlieii  a  dim  or  weak  light  is  desired  for  le^  dense  negatives,  oue 
series  of  lamps  is  lighted  ;  if  strong  light  is  desired,  the  No.  2  switeh  is 
turned  ou  and  greater  illtiminatiou  is  produced.  This  box  contains  per- 
forations and  is  lined  with  asbestos.  The  preferable  light  for  the  exam- 
ination of  negatives  is  white  (day)  light  or  the  electric  light.  The 
intensity  of  the  light  can  be  regnlated  by  the  interposition  of  either 
ground  glass  or  a  rlieostat,  as  necessity  requires. 

A.  FoKKiGS  Bodies. 

Ill  iiitcrpn-tiiig  a  negative  for  a  foreign  Ijodv,  exclude  all  possible 
ei-rors,  suoh  as  white  spots  protiuvetl  hy  nir  bubbles  duriug  development, 
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the  presence  of  iodoform,  lead  water  and  laudanum,  etc.,  that  may  be  on 
the  bandage  or  dressing.  Metallic  foreign  bodies  will  eclipse  all  other 
shadows.  ^Vhen  semi -opaque  bodies  cast  their  shadows  on  those  of  the 
bones  the  contrast  may  be  only  very  slight,  especially  so,  when  the  plates 
are  undeveloped.  Small  bodies  in  the  deeper  portions  of  the  body  (as 
for  instance  in  the  abdomen  and  in  bony  cavities,  as  the  eye)  may  defy 
detection  if  the  time  of  exposure  is  prolonged  and  secondary  rays  produce 
fogging  on  the  plate.  This  occurs  especially  when  the  foreign  body  is 
non-metallic, — i.  e.,  a  fragment  of  stone,  etc. 

B.  Fractures  and  Dislocations. 

Green -stick  fractures  and  impacted  fractures  are  often  difficult  to 
recognize.  If  the  rays  do  not  penetrate  the  separated  fragments,  the 
shadows  will  be  superimposed,  and  the  characteristic  dark  line  on  the 
negative  will  not  be  visible  ;  in  impacted  fractures  instead  of  this  dark 
line  there  will  appear  an  increased  white  shadow.  Epiphyseal  lines 
should  not  be  lost  sight  of.  The  elbow-joint  in  children  should  be 
compared  with  the  corresponding  normal  side. 

Fractures  of  the  Hip- Joint.  — In  these  fractures  note  the  changes  oc- 
curring, even  if  the  dark  line  on  the  negative  is  not  visible  ;  and  also  look 
for  any  change  in  the  continuity  of  the  periosteum,  the  shape  and  relation 
of  the  femoral  neck  to  the  trochanter,  etc.  Compare  the  normal  hip-joint 
with  the  affected  one,  and  take  a  skiagraph  of  both  hips  on  one  large 
plate,  being  careful  to  observe  the  position  of  the  feet. 

Dislocations. — This  condition  can  be  discerned  easily.  The  relations 
of  the  heads  of  the  bones  may  often  be  disturbed  or  changed  either  by  a 
peculiar  position  that  the  part  may  assume,  or  by  a  faulty  relationship 
in  the  position  of  the  tube  to  the  plate ;  this  frequently  occurs  in  the 
shoulder-joint,  in  the  acromio-clavicular  articulation,  etc.  Intra-articular 
cartilages  are  transparent  to  the  rays  and  may  thus  be  mistaken  for  a 
dislocation. 

The  ventral  and  dorsal  positions  of  the  shoulder-joint  present  differ- 
ent ai)i)earances  on  the  negative. 

C.  DiSEASia  AND  Tumors  of  the  Bones. 

It  is  important  to  determine  if  the  growth  is  osseous  or  of  muscular 
origin.  Whenever  possible  the  shadow  should  be  cast  in  the  light  field, 
and  note  should  be  made  whether  the  shadow  is  attached  to  the  j^erios- 
teum  or  to  the  central  portion  of  the  bone.  Do  not  diagnose  the  bony 
normal  ridges,  grooves,  or  j^rojections  as  irregularities  of  the  compact 
portion  of  the  bone.  The  early  stages  of  anj'  special  bone  disease  are  dif- 
ferentiated with  difficulty  from  other  osseous  dis(5asc*s  by  the  appearance 
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offered  on  the  negjitive,  as  nearly  all  bone  affections  produce  an  increase 
in  shadow  density.  Such  a  negjitive  may  assist  the  i^hysician  as  to  the 
origin  and  the  exact  location  of  the  disease,  and  as  the  disease  advances 
the  characteristic  ai)pearance  of  that  particular  disease  of  the  bone  on  the 
negative  will  l>e  noticed. 

Callus. — The  appeaniuce  of  callus  can  be  diagnosed  from  i)eriostitis, 
or  other  diseases,  by  the  deformity  produced  and  becjiuse  the  shadows 
are  fiLsiform  and  encircle  the  ends  of  the  fragments. 

Diseases  of  Joifits. — Endeiivor  to  obtain  an  iutra-articular  space  as 
wide  as  x>ossible.  Bandages  and  dressings  should  always  be  removed. 
Ordinary  arthritis  is  differentiateil  with  difficulty  from  the  other  sirth- 
ritic  affections  in  their  early  stages.  Pus  and  fluid,  whether  serous  or 
purulent,  cannot  be  easily  differentiated,  although  serum  casts  a  denser 
shadow  than  pus. 

Intra-articuhir  inflammation  with  exuihition,  can  be  differentiated 
from  a  x>eriarticular  inflammation,  because  the  intra-articular  space  of  the 
former  is  increased  on  account  of  the  tension  exerted. 

False  and  true  ankylosis  should  be  cjirefully  differentiated.  Bony 
ankylosis  may  be  excluded  by  the  absence  of  dense  shadows,  or  by  the 
oblitenited  intraarticular  space,  which  is  absent  in  false  ankylosis.  In 
advanc»ed  cjuses  deposits  of  tophi  are  demonstrable,  and  one  can  observe 
with  cei-tainty  whether  the  disease  is  intraarticular  or  periarticular  in 
origin. 

In  hi])-j()iut  diseiuse  or  in  any  other  disease  of  the  bone  or  joint,  the 
true  conditions  or  size  of  the  bone  may  l>e  altered,  diminished,  or  increased, 
either  by  InMiig  nearer  to  the  plate  (as  the  result  of  atrophy  of  the  muscle 
from  diseius<*;,  by  disuse,  or  by  other  causes  that  may  exaggerate  the 
normal  size  of  the  bone  on  the  negative. 

D.  Diseases  of  the  Soft  STUixTrKES. 

It  is  very  difficult  in  these  conditions  to  skiagraph  or  to  obtain  a 
cleiir  shadow  on  the  negative,  and  e\en  when  once  obtained  it  cannot  be 
differentiated  from  siniihir  conditions,  Jis  lipoma,  sarcoma,  cyst,  etc.  A 
soft  negative,  fnll  of  details,  is  most  desirable,  and  may  be  easily  obtained 
by  slightly  under-developed  and  ])ropeily  exposed  plates. 

Brain  tumors  are  very  difficult  to  diagnose.  Thickness  of  hair, 
es])ecially  in  female  snbjeets,  should  not  l>e  mistaken  for  a  neoplasm. 

E.  Diseases  of  the  Thokacic  Organs. 

Negatives  of  the  thorax  should  be  examined  in  a  viewing  box.  The 
skiagrapher  should  be  familiar  with  the  thioroseopic  appejirance  of  the 
normal  and  of  the  pathological  Inng.  The  physical  examination  should 
always  precede  the  skiagra])hic  examination.      When  the  plate  is  jdaced 
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over  the  anterior  wall  of  the  thorax,  the  negative  will  rev^eal  the  cage-like 
appearance  of  the  thorax  ;  the  anterior  portioas  of  the  ribs  will  appear 
sharp  and  distinct,  and  will  form  an  angle  with  the  posterior  portion. 

If  the  negative  has  been  exposed  in  contiict  with  the  back  of  the  pa- 
tient, then  the  posterior  portion  of  the  ribs  will  be  more  distinct  than  the 
anterior  portion,  the  latter  being  further  from  the  plate.  If  the  time 
of  exposure  is  prolonged,  these  anterior  portions  of  the  ribs  will  be 
indistinct  and  widely  separated.  The  shadow  of  the  diaphragm  will  be 
more  distinct  on  the  affected  side,  being  less  mobile  during  the  exposure. 

In  comparing  the  transparencies  of  the  apices  of  both  lungs  in  right- 
handed  i>ersons,  the  right  side  may  appear  lighter  on  the  negative. 

In  viewing  the  anterior  wall  of  the  chest  examine  the  intercostal 
spaces ;  do  not  mistake  the  shadows  of  the  anterior  portion  of  the  first 
rib  (often  cast  between  the  2d  and  3d  intercostal  spaces),  or  the  sternal 
end  of  the  clavicle  (which  may  show  an  increased  shadow),  for  consoli- 
dation. The  shadows  of  the  st/crnum  require  most  careful  observation  and 
the  shadows  of  the  scapula  will  often  be  cast  outside  of  the  thorax.  The 
female  mammary  glands  throw  pronounced  shadows. 

In  the  incipient  stage  of  tuberculosis,  the  apices  of  the  lungs  must 
be  studied  with  great  care,  as  a  slight  degree  of  congestion  or  infiltration 
will  throw  a  shadow  on  the  affected  side.  If  one  apex  is  diseased,  the 
diagnosis  will  be  arrived  at  with  less  difficulty,  because  an  opportunity  is 
afforded  for  comparison  with  the  normal  apex.  Do  not  cx)mpare  the 
transparency  of  one  apex  with  other  portions  of  the  lung,  but  apex  with 
apex,  etc. ;  for  as  the  thickness  of  the  thoracic  wall  differs  in  different 
parts,  so  does  the  transparency  vary  in  the  same  person. 

Bronchial  or  lymphatic  glands  when  calcified  (and  which  are  tuber- 
culous), can  often  be  observed  without  difficulty  ;  small  areas  of  consoli- 
dations will  appear  as  irregular  scattered  light  patches.  Longitudinal 
streaks  on  each  side  of  the  heart  are  supposed  to  be  due  to  the  foldings 
of  the  pleune,  when  the  latter  are  viewed  edge-wLse.  Upon  the  nega- 
tive the  posterior  view  shows  the  ribs  very  clearly  and  distinctly,  and 
likewise  the  vertebrte.  The  anterior  portions  of  the  ribs,  however, 
are  blurred,  because  the  posterior  ribs  are  nearer  to  the  plate  and  are 
immobilized. 

Abscesses  and  empyema  do  not  cast  shadows  so  dense  as  does  consoli- 
dation ;  neither  do  the  former  obscure  the  shadows  of  the  ribs.  Pleural 
thickening  is  differentiated  from  effusion  in  that  the  latter  casts  a  uniform 
and  more  dense  shadow ;  the  level  of  the  shadow  will  change  with  the 
position  of  the  patient  and  is  best  viewed  in  the  erect  or  sitting  posture. 
In  thickening  of  the  pleura  an  irregular  outline  is  discernible. 

In  consolidation  the  shadows  are  larger,  more  irregular,  and  denser 
than  those  cast  by  the  ribs,  and  especially  noticeable  in  advanced  cases 
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of  tuberculosis.  The  ai>ex  alone  may  be  affected,  but  iu  other  iustauces 
the  entire  lung  is  attacked.  It  is  thus  that  consolidation  is  differentiated 
from  effusion. 

Cavitations  are  characterized  by  diirk  areas  surrounded  by  a  light 
field ;  this  is  due  to  a  lessened  amount  of  tissue  for  i)enetration  by  the 
rays.  If  the  cavity  is  partly  filletl  with  fluid  while  the  patient  is  in  the 
recumbent  postui^e,  the  fluid  gravitates,  and  the  dark  area  is  obliterated; 
but  in  the  erect  or  sitting  postui-e  the  level  of  the  fluid  will  be  visible 
when  it  is  of  considerable  size. 

Prior  to  a  paroxysm  of  severe  coughing,  if  a  fluoroscopic  or  skia- 
graphic  examination  be  made  with  the  patient  in  a  recumbent  position, 
and  another  examination  taken  subsequent  to  the  paroxysm,  the  cavity 
will  be  noticeable,  l)ecause  the  fluid,  pus,  etc.,  will  be  evacuated. 

Emphysema  Ls  manifested  by  excessive  darkness  on  the  negative,  due 
to  the  presence  of  air  in  the  lung,  iis  is  also  observed  in  cases  of  pneumo- 
thorax, etc. 

The  shadows  of  the  ventricles,  the  auricles,  and  the  aorta  are  easily 
recognized  ;  for  a  detailed  account,  the  reader  is  referred  to  the  chapter 
devoted  to  the  Circulatorv  Svstem. 

%  ft- 

I  have  made  stereoscopic  skijvgmphs  of  the  thorax  which  are  very 
useful  iu  differential  studies  in  pulmonary  and  cardiac  affections. 

F.  Ai.iMEXTARY  System. 

Stricture  of  the  oesophagus,  whether  due  to  a  growth  within  or  exter- 
nal toan<l  compressing  the  (esophagus,  is  difficult  and  often  impossible  to 
dilTereiitiate  by  the  skiagraphic  appearanc«s  but  if  the  gro^^ih  is  within 
the  (esophagus  and  the  latter  cannot  V)e  dilated,  it  l)ec(mies  necessjir}'  to  in- 
troduce an  (esoj^liageal  bougie :  on  the  i^ther  hand,  if  the  growth  is  external, 
th(i  sound  can  be  introduced  by  displacing  tln^  growth  to  one  side. 

The  Sfotnach. —The  readier  is  referred  to  Chapter  V.,  Alimentary 
Svstem. 

G.    OKXITO-ruiNARY    SYSTEM. 

Onlv  in  cniaciatc(l  individuals  arc  the  shadows  of  the  kidnevs  easv 
of  dcnionstiatioii.  In  tli(»  normal  individual,  shadows  of  the  kidneys  :ts 
S(HMi  on  the  iK^^irat iv(*  arc  vcrv  nns;itisfactorv. 

Kcnal  calculi  slionld  not  be  niistak(Mi  for  biliarv  calculi,  intestinal 
concretions,  enteroliths,  tuberculous  loci,  or  abscesses.  Seal's  and  accu- 
mulations of  sand  in  the  pelvis  of  a  kidnev  niav  in  some  cases  cause  an 
erroiieons  diagnosis  to  be  made  I  once  mistook  an  undissolved  capsule 
of  bismnth  lor  a  calculus,  but  a  second  negative  showt^l  the  change  in  the 
position  that  the  capsnle  assumed,  and  the  oi>eration  Wiis  postponed. 
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Dr.  Henry  Hultz*  reported  a  case  iu  which  fracture  of  the  transverse 
process  of  a  vertebra  would  have  been  mistaken  for  a  calculus  had  he  not 
made  a  stereo-skiagraph  of  the  condition.  Whether  a  calculus  is  in  the 
lower  part  of  the  ureter  or  in  the  bladder,  is  often  a  difficult  matter  to 
decide. 

There  are  three  methods  for  ascertaining  the  exact  location  of  a 
calculus.  1.  Bj^  inflating  the  bladder,  when  the  shadow  cast  will  be 
darker  on  the  negative.  2.  By  injecting  water,  when  the  shadow  will 
be  seen  to  be  lighter  than  the  surrounding  structure.  3.  By  introduc- 
ing a  catheter,  when  the  presence  of  a  (small)  stone  in  the  ureter  will  be 
noticed  by  its  position,  and  relation  to  the  end  of  the  catheter.  By  the 
first  and  second  methods  the  relation  of  the  calculus  to  the  bladder  will  be 
observ^ed. 

Several  small  round  white  spots  often  mistaken  for  calculi  may  be 
noticed  along  the  left  line  of  the  ureter.  They  are  frequently  situated  in 
a  curved  line  and  are  more  frequent  on  the  left  side  than  on  the  right,  or 
sometimes  on  both  sides  of  the  same  patient.  They  commonly  occur  after 
the  thirtieth  year.  Their  true  nature  is  a  disputed  matter.  Some  believe 
them  due  to  the  presence  of  sesamoid  bones  in  one  of  the  obturator 
tendons.  2  Eussell  H.  Boggs  is  of  the  same  opinion  ;  others  incline  to  the 
belief  that  they  are  calcified  glands. 

Dr.  Joseph  F.  Smith,^  of  Chicago,  believes  that  in  25  per  cent,  of  his 
cases  negatives  of  the  pelvis  contained  from  one  to  six  small  round 
shadows,  sometimes  on  one  side,  sometimes  on  both  sides,  in  the  vicin- 
ity of  the  ischium.  He  found,  by  dissections  of  cadavers,  that  these 
shadows  are  cixused  by  small  bony  deposits  that  occur  in  the  pelvic  liga- 
ments, especiallj^  iu  those  attached  to  the  spinous  process  of  the  ischium. 
I  concur  with  those  who  believe  tliat  these  spots  are  phleboliths.  Among 
the  latter  may  be  mentioned  Chas.  L.  Leonard,  Henry  K.  Pancoast,  and 
Max  Reichman.*  These  shadows  can  be  differentiated  from  those  of 
ureteral  calculi  by  passing  a  metallic  bougie  and  by  skiagmphing  in  situ. 
If  these  shadows  are  outside  the  shadow  of  the  catheter,  they  are  evidently 
not  ureteral.  The  autopsy  of  one  of  my  cases  showed  the  presence  of  a 
phlebolith. 

Vesical  Calculi. — The  shadows  of  the  sacrum  and  coccj'x  may  be 
superimposed  by  the  shadow  of  a  small  calculus,  hence  the  shadow  of  the 
latter  may  fail  of  differentiation.  This  is  also  true  of  the  shadow  of 
impacted  fecal  matter  in  the  rectum.  The  bladder  should  be  evacuated 
just  prior  to  the  X-ray  examination,  as  water  offers  a  barrier  to  the 

*  Transactions  of  the  American  Rontgen  Ray  Society,  1906,  page  158. 

*  E.  W.  Caldwell,  Medical  News.  April  22,  1*905. 
'Transactions  of  the  American  Rontgen  Ray  Society,  1906,  p.  157. 

*  Fortschritte  a.  d.  Gebiete  der  Rontgenstrahlen,  Feb.  22,  1906. 
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passage  of  rays.  I  have  frequently  seen  the  outline  shadows  of  the 
bladder,  which  are  so  valuable  in  determining  whether  the  calculus  is 
ureteral  or  vesical,  or  if  the  appearance  is  due  to  an  interfering  shadow. 

In  stricture  of  the  urethra,  bv  the  introduction  of  a  bismuth  solution 
we  are  enabled  to  ascertiiin  the  location  of  the  stricture,  its  calibre,  etc 

A  report  of  the  X-ray  negative  should  be  written  or  oral  and  should 
be  most  carefully  executed.  Tlie  report  should  be  made  as  intelligible 
as  possible,  by  making  some  tracing,  marking,  etc. 

There  are  numerous  shadows  on  the  negative  that  defy  all  efforts  at 
interpretation  and  are  as  little  understood  to-day  as  they  were  when 
skiagraphy  was  first  presented  to  the  notice  of  the  medical  profession. 

V.  Stereo-Fluoroscopy  and  Skiagraphy. 
A.   History  and  Principles. 

The  application  of  the  principles  of  stereoscopy  to  skiagraphy  was 
first  employeil  in  this  country  by  Professor  Elihu  Thomson  *  and  subse- 
quently used  abroiul. 

Ch.  Bouchard*  claims  priority  of  the  discovery  for  Imbert  and  Bertin, 
of  Montpellier,  Fnince,  but  this  is  erroneous,  as  the  latter  first  made 
known  their  studies  in  Comptes-Rendus,  March  30,  1896. 

Dr.  Mackenzie  Davidson  was  perhaps  the  first  investigator  to  pro- 
duce and  interpret  X-ray  photographs  by  this  method,  publishing  an 
article  in  the  British  MedlcaJ  Jonruul  in  1808. 

Professor  G.  P.  Gird  wood,  of  ]\IcGill  University,  ^Montreal,  Canada, 
made  extensive  use  of  this  method  in  studying  foreign  objects.  The 
leading  scientific  journals  of  Germany  have  pnblishiHl  many  articles  on 
this  subject,  describing  the  methods,  the  apparatus,  and  detailing  advan- 
tages <::ain(Ml  by  its  employment. 

In  Octobci",  1901,  Di*.  Louis  Wcigel,  of  Koch  ester,  exhibited  a  stereo- 
scoi)ic  onttit  iH'fore  the  members  of  the  New  York  Medical  Society,  and 
Dr.  A.  B.  Johnson,  of  New  York  City,  published  an  article  on  this  sub- 
ject in  the  Xcw  York  Mt^dical  Record^  8e])teml)er,  1900. 

In  order  to  ])roduce  a  stereoscopic  picture,  it  is  necessary  to  arninge 
a  pair  of  tubes  so  that  when  worked  simultaneously  they  will  present  on 
the  fluorescent  screen  a  double  set  of  outlini'S  fused  into  one.  To  bring 
out  this  ciTcct  wc  must  alternate  the  usc^  of  the  tulH\s,  and  so  choost*  the 
intervals  that  tin*  continuity  of  vision  may  accomplish  the  fusion  of  the 
two  images.      (Figs.  110,  111.) 

The  anodes  are  })hiced  about  0  em.  distant  from  each  other.  They 
are  alternately  exeiti'd   by  a  single  eoil,  but    i)referably  by  individual 

'  Electrical  Engineering,  March  11,  180(). 
"Traitc  Ka<liologie  M«''Hlicale,  ]).  5H1. 
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coils.  The  termiuals  of  the  Hecondary  ewil  are  connected  to  the  tubes 
alternately,  by  means  of  a  commntator  or  switch  worked  automatically. 
It  is  also  uecessary  to  have  a  revolving  opaque  disk  contaiuiug  two 
apertures  on  directly  opposite  sides,  iiud  set  iipart  from  each  other  at  a" 
distance  corresponding  to  the  space  betwecu  the  examiner's  eyes. 

If  the  sector  disk  and  the  automatic  switch  rotate  synchronously, 
and  are  so  adjuste*!  that  the  tube  on  the  left  side  becomes  lumiuoos 
siniultJineously  with  the  pa^wing  of  the  aperture  for  the  eye  of  that  side, 
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there  may  Ik;  oljaerved  a  sharp  image  on  the  fluorescent  screen  between 
the  left  tul>o  and  the  jterforated  disk  ;  this  is  snddeuly  followed  by  au 
ot>8<'uratiou  of  the  vision  of  the  left  eye.  In  this  instance  the  tube  is 
suddenly  tbrowu  into  illumiuation  aud  the  image  of  the  part  is  thrown 
upon  the  screen.     Pr.  Davidsou '  constructed  such  an  apparatus. 


B.  Stebeo-Fluokcjscopy. 

Briefly,  this  stereoscopic  fluoroacope  consists  of  a  fluorescent  screen 
illuminated  by  two  tubes  which  spark  alternately.  A  rotitting  disk  with 
appropriately  pliiccil  slots  eclipses  each  eye  alternately  and  works  syn- 
chronously with  the  si>arkiug  of  the  tubes.     Each  eye  sees  the  shadow 


'  Dr.  Mackenz 
with  the  applitatio 
December  6,  1900. 


:  I)aviilsi>n  (leBcribecl  the  iiierhaniiim  of  hia  invention,  ti^^tbe 
(if  its  [irincipleB,  before  the  KiJntgen  Kay  Society  of  London,  oi 
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cast  from  oue  tube.  A  stereoscopic  image  is  thus  seen,  the  movements 
of  the  shutter,  etc.,  being  sufficiently  rapid  to  give  a  continuous 
illumination  of  the  screen. 

E.  \V.  Caldwell*  uses  a  large  Crookes  tube  of  the  double  focus 
variety  (two  anodes)  at  a  distance  of  three  inches.  The  fluoroscope  is 
provided  with  a  shutter  which  i>ermits  only  one  eye  at  a  time  to  view  the 
fluorescent  screen.  In  other  resi>ects  the  apparatus  is  very  similar  to 
Davidson's  device. 

C.  Technic  of  Stereo-Skiagraphy. 

In  brief,  the  technic  consists  of  obtaining  two  separate  skiagraphs 
of  the  same  part,  or  of  employing  two  different  sensitive  plates  without 
changing  the  position  of  the  parts,  but  in  alternating  the  jMJsition  of  the 
Crookes  tube  two  and  a  half  to  two  and  three  quarters  inches  (6  cm.), 
corresponding  to  the  distance  between  the  pupils.  (Fig.  112.)  Subse- 
quently these  two  negatives  or  skiagrams  should  be  examined  with  a 
special  instrument.  It  is  important  to  observe  that  the  part  on  which 
the  stereoscope  is  to  be  used  should  fii^st  he  fluoroscoped  or  skiagraphed 
in  order  to  locate  accurately  the  seat  of  the  injury. 

For  use  in  stereoscopic  work,  a  plate -changing  box  (Fig.  113),  with 
a  top  of  thin  wood  or  hard  fibre  and  measuring  from  14  to  17  inches  (35 
to  45  cm.),  is  employed.  The  size  of  the  plates  is  marked  upon  its  top, 
in  order  to  correspond  with  the  dimensions  on  the  drawer  of  the  box. 
Over  tills  box  are  placed  cross-wires,  which  facilitate  the  accuracy  of 
superjKJsition.  It  is  advisable  to  have  a  horizontal  bar  scaled  in  inches 
and  centimetres.  The  skiagrapher  should  first  centre  the  object  and  then 
move  the  tube  to  the  right,  corresponding  to  the  vision  of  the  right  eye, 
one  and  one-quarter  inches,  or  3  cm.,  and  i)rocnre  a  picture.  Place 
another  plate  in  the  drawer  of  the  box  without  moving  the  object,  and 
adjust  the  tube  to  the  left,  corresponding  to  the  view  of  the  left  eye,  and 
again  take  a  picture.  The  plates  should  be  marked  ^*  right  "  and  **  left,'' 
to  obviate  confusion  after  photographing  the  part. 

Home  operatoi*s  use  two  Crookes  tubes  at  a  distance  (the  anodes)  of 
seven  or  eight  centimetres,  not  moving  the  tube  at  each  exposure.  The 
objection  to  this  method  is,  that  the  two  tubes  will  have  diflferent  de- 
grees of  vacuum. 

A.  B.  Johnson,  of  New  York,  and  T.  Czermak  prefer  to  shift  the 
box  two  and  one-half  in(!hes  instead  of  sliding  the  tube. 

Another  method  of  taking  stereoscopic  pictures'  is  to  have  a  plate- 
holder  so  constructed  that,  bv  a  heaw  sheet  of  metal,  one-half  the  con- 
tained  photographic  ])lat«»  is  shielded  from  the  action  of  the  rays.     Atlter 

^Electrical  Review,  XoveinV)er  Ifi,  1901. 

*  A.  li.  Johnson,  Annals  of  Surgery,  April,  1902. 


Fig.  112. 
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expodng  one-half  the  plate,  the  other  half  is  broD^t  beneath  the  part^ 
the  latter  having  been  prerioosly  shielded  by  a  lead  mxeea.  Hie  tabe 
is  moved  a  suitable  di^once,  and  a  second  ezposoie  is  made.     The 


Fici.  113.— Autbor'B  pl&t»i^)uinjElug 


two  pictures  thas  lie  side  by  side  upon  the  same  plate,  and  may  l>e 
copied  ill  a  reducetl  size,  and  viewed  iis  po8iti\'es  on  glass  or  paper  in  a 
refractiug  stereoscope.  This  method  is  suited  for  the  extremities,  bub 
not  for  the  oliest,  iibdomeii,  etc. 

Ttlaric  and  Itihaiit'  have  derived  the  following  formtdro  aud  table, 
which  they  assert  will  give  the  most  relief  and  jwrspective  view  without 
fatiguiug  the  operator's  eyes.  Tlicy  arrived  at  these  deduced  reeolts  by 
u  series  of  expiTiuientN  foundeil  upon  mathematical  proofs: 

Maximum  —  The  maximum  dieplat^ment  of  fucna  tabe. 
II  --  Tilt'  (listani.'C  of  tho  tiibu  frum  tliu  Burlace  of  the  object. 
P       =    Till'  thickntw  iit  the  objeirt. 

5(1  1' 

'  Atchivea  (I'llec-triiiitO  miVlicalc  exiHTimcntAles  et  cliniquee,  viii.,  July  15,  ]906, 
aii<I  Traiti'  Itaitiolugiu  Mitlicalu  by  Bouchanl,  pp.  505  and  5tiG. 
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Wliea  tlie  su-tuiil  size  (dimeusion)  is  desired,  then  /\,  is  e<iual  to  6.6 
cm. — viz.,  tlie  distauce  betweeu  two  pupils. 


50  P 


Marie  aad  RibatU's  Table,  showing  tiie  varying  relationships  between 
the  thicrkuess  of  tlic  part  examined  and  the  displaeement  of  the  Crookes 
tnbe,  aiid  also  the  change  in  the  distance  of  the  tube  from  the  surface 
of  the  object.  For  example,  if  the  part,  such  as  the  wrist,  is  6  cm.  in 
thickness  and  the  distance  of  the  tube  is  40  cm.,  theii  the  displacement 
of  the  tnbe  will  be  e^^ual  to  6.1  cm. 
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I  have  devised  a  Bi>ecia1  table  and  an  adjustable  plate-holder,  which 
I  believe  possess  many  advantages. 

Tlie  table  is  so  constructed  that  tlie  tube  cau  be  made  to  slide 
OD  a  rod  with  great  ease,  whether  on  the  top,  bottom,  or  side,  without: 
discomfort  to  the  patient. 

Usually  ill  skiiigraphiug  for  either  simple  or  stereoscopic  purposes 
the  part  is  placed  over  the  table  or  plate -changiug  box,  and  the  weight 
of  the  patient  rests  upon  the  plate,  thus  changing  the  original  position  of 
the  foreign  body,  "With  the  abo^e  device,  the  part  may  be  placed  in  a 
natural  position,  without  the  plate-changing  frame  touching  it  at  any 
point. 

To  produce  two  negatives  of  "equal  density"  the  degree  of  penetra- 
tion of  the  rays  should  be  as  nearly  unifonu  as  passible,  and  great  care 
should  be  exercised  in  development. 
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judge  the  time  of  exposure  of  the  second  plate  by  experience.  A  self- 
regulatiug  Ui\>e  is  preferable.  I  iisiiiilly  give  a  little  longer  time  for  the 
second  exposure  tbaii  for  tlie  first,  ns  tbe  tube  runs  down  a  little  and  the 
penetration  lessens.     Short  exposures  are  most  desirable. 
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Lately  I  have  been  developing  for  the  same  duration  of  time  two  ex- 
X>osed  plates  in  one  tray,  but  I  have  discarded  this  method,  because  the 
handling  of  large  plates  is  difficult  and  the  plates  differ  in  density,  but 
now  I  develop  them  separately,  and  by  carefully  mixing  the  developer 
before  and  during  the  progress  of  development,  I  alter  it  as  the  plate 
requires,  to  secure  equal  densities.     Soft  negatives  are  preferable. 

D.  Methods  of  Viewing  Stebeo-skiaobams. 

WheaMone's  Reflecting  Method. — This  instrument,  devised  in  1838, 
consists  of  two  vertical  mirrors  accurately  set  at  a  right  angle  (the  ver- 
tex of  the  angle  facing  the  middle  line  of  the  observer's  forehead),  this 
arrangement  of  mirrors  slides  forward  and  backward,  and  is  placed  over 
a  long  bofird,  upon  which  is  a  vertical  frame  parallel  with  the  reflecting 
plane,  forming  an  angle  of  45°.  These  frames  and  mirrors  are  so  con- 
structed that  the  observer  can  easily  superimpose  the  two  pictures. 
(Fig.  lU.) 

The  pictures  must  be  so  placed  in  the  frame  as  to  hold  the  same 
position  as  that  occupied  by  the  Crookes  tube  during  exposure.  For 
instance,  the  picture  marked  *^ right"  should  be  placed  in  the  frame  to 
the  right  of  the  observer  in  order  to  get  an  anterior  view  of  the  part  If 
placed  in  the  left-hand  frame,  a  posterior  view  will  be  obtained.  When 
prints  are  examined  with  reflected  light,  by  turning  the  prints  end  for 
end,  without  changing  the  ^^R'-  or  ^'L"  positions, posterior  and  anterior 
views  may  be  obtained  ;  this  is  known  as  pseudo-stereoscopy. 

The  advantages  of  Wheatstone's  reflecting  method  are  that :  Any 
sized  negative,  even  before  a  print  is  made,  can  be  viewed.  When  nega- 
tives are  used  without  prints,  the  picture  is  seen  more  in  detail ;  nega- 
tives can  be  examined  while  wet.  I  bore  two  holes  in  a  block  of  wood 
which  is  placed  between  the  reflecting  mirrors,  where  the  same  reflecting 
light  used  for  negatives  can  be  set  for  the  illumination  of  prints. 

Brewster^  8  refracting  or  lenticular  stereoscope  is  founded  on  the  prin- 
ciple that  two  pictures  can  be  produced,  by  causing  a  displacement  of  the 
tube,  two  and  one  half  inches  (6.5  cm.),  with  the  pictures  side  by  side, 
and  viewed  with  two  prisms  (18°)  for  each  eye.     (Fig.  110.) 

These  pictures  will  be  suj^erimposed  according  to  the  laws  of  refrac- 
tion. One  disadvantage  of  the  Brewster  refracting  stereoscope  is  the 
great  degree  of  the  convergence  of  the  axis  of  vision  required,  and  the 
necessity  of  reducing  the  size  of  the  pictures  for  use  in  this  refractor. 
This  has  been  overcome  by  Walter,  of  Germany,  who  places  the  original 
size  negative  in  the  frame  and  views  it  with  different  prisms.     (Fig.  115.) 

There  is  yet  another  method  of  viewing  these  stereoscopic  transpar- 
encies or  prints.  The  reduced  i)ictures  mounted  in  frames  are  placed  on 
an  endless  chain,  and  are  viewed  by  the  operator  who  looks  through  the 
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prisms.     The  suiviUiUgus  of  this  lut-thiKl  aii-:  Tliiil  tin?  nnuUnT  of  p] 
lures  is  practically  uiiliiuited,  umie«es«!iry  light  is  cxHuilwI.  nuil  that 
prints  as  well  as  lriLus{Kir<!iii-i(.ts  iiuty  l>e  eiii])liiycil. 

Lately  1  havf  made  some  pljistograpliic  views  riiiin  these  stereo 
scopic  negatives.  The  plastographic  inetho*!  I'uiisists  in  HUperimposiiig 
one  print  in  green  over  another  in  orliusun.  which  offers  a  liazjuess  to  the 
naked  eye,  but  when  viewed  through  eye-glasses  foue  uf  a  giwii  vulur 
and  the  other  of  crimson),  a  very  beautiful  picture-  with  markcii  rf>lief 


details  is  attonleii.     1    l)elitve  this  prm-i-ss  will    Ix-    useful    for 
scopieally  illustrating  medical  journals  and   scientific  liooks. 
another  metliod  of  combining  stereoscopic  pictures  without  an  i 
raeut,  which  can  easily  lie  a<-<juircd  by  crossing  the  visual  i 
the  skiagraph  iu   front,   hold  up  the   index  finger   in   tlio  middl*l| 
Ix'tween  the  eyes  and  the  skiagrams,  and  while  hwking  at  the  t 
the  finger,  a  third  picture   will  apiiear  iu  the  centre,    offering  a   ; 
beautiful  stereoscopic  effect. 

E.    -VDVAKTAGES   of  STKRIiO-SKIAORAPny. 

An  oi-dinai-j-  skiagraph  is  compose<l  of  superimposed  shadows  of  ^ 
different  densities,  which  appear  flat  on  the  ut^ative  or  print,  and  in  ad- 
dition contains  many  shadows  appwiring  indistinct  and  weak,  Inil  in 
the  stereoscopic  pictures  the  superiuipasition  will  be  more  distinct. 
and  visible.  Two  plates  exposed  at  different  angles  are  used,  and  any 
deficiency   in    oue   is   easily   compensiiled   for   iu  the  other.     AnotJi 
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adv^antage  is  that  the  auterior  and  the  posterior  views  are  discernible. 
In  passing,  we  will  very  briefly  note  a  few  of  the  many  applications 
of  stereo-skiagraphy. 

Anatomy. — For  demonstrating  the  structure  of  the  bones.  In  the 
long  and  short  bones  the  trabeculae  are  seen,  and  in  the  long  bones  we 
may  observe  the  lamellae  in  the  shafts  and  in  the  cancellous  tissue. 

The  spiral  arrangement  of  the  lamellae  is  distinctly  shown,  especially 
in  the  humerus  and  femur,  also  its  change  in  direction  near  the  articular 
surfaces. 

In  examining  the  skull,  the  grooves  for  the  meningeal  arteries  are 
seen,  the  concave  appearance  of  the  cranial  processes,  the  frontal  sinuses, 
the  antrum  of  Highmore,  the  turbinated  bones,  etc. 

In  studying  the  mechanism  of  the  joints,  these  pictures  give  a  per- 
spective of  the  relations  of  the  articular  surfaces  of  the  bones,  their  actual 
depths,  and  the  relation  of  the  processes,  to  the  observer. 

Arteries,  veins,  bronchi,  and  excretory  ducts,  when  injected  with 
opaque  materials,  such  as  lead  or  mercury,  show  their  exact  relations 
(their  depths)  to  the  bones,  the  muscles,  etc. 

Surgery, — Of  the  numerous  methods  of  locating  foreign  bodies  stereo- 
skiagraphy is  the  most  satisfactory,  because  it  offers  a  definite  view  of 
the  foreign  body,  and  thus  enables  the  surgeon  to  operate  with  cer- 
tainty. The  negatives  should  be  soft  and  full  of  details,  in  order  to  show 
shadows  of  different  tissues,  especially  cystic  and  soft  tumor  tissue. 

When  two  negatives  of  this  kind  are  superimposed,  the  intensity  of 
the  shadow  is  doubled.  I  am  and  have  been  using  this  method  in 
the  Philadelphia  Hospital  in  a  series  of  experiments  for  detecting  and 
locating  brain  tumors,  etc. 

The  foregoing  statement  is  also  true  in  regard  to  fractures.  (Fig. 
116.)  By  this  method  we  may  procure  definite  views  of  the  injuries,  the 
exact  position  of  the  fragments,  the  amount  of  overlapping,  the  separa- 
tion, the  degree  of  apposition  in  deformities,  etc.  The  ordinary  skiagraph 
does  not  show  the  variety  and  character  of  dislocations.  The  stereo-skia- 
graph overcomes  this  difficulty,  and  enables  one  to  differentiate  between 
an  anterior  and  a  posterior  dislocation.  We  may  view  the  thorax  either 
from  an  anterior  or  posterior  aspect.  The  heart  and  the  iiorta  with  their 
various  relations  are  interesting  and  fascinating  from  a  i)ractical  and 
scientific  standpoint.  In  the  study  of  normal  and  morbid  conditions, 
I  invariably  resort  to  the  employment  of  stereo-skiagraphy  at  the 
Philadelphia  Hospital. 


CHAPTER  ni 

TBDB  CXilNICAL  APPLICATIONS  OF  THE  BONTOEir  BAYS. 

iNTBODUCnOK. 

I.  The  Uses  of  the  X«-rays  in  Anatomy  and  Physiology. 

Much  has  been  written  about  the  naes  of  the  X-rajrs  in  investigating 
anatomical  stmctores  and  in  studying  the  functions  of  oigans.  Undoabtr 
edly  the  knowledge  gained  by  dissection  and  Tivisection  throng  many 
years  of  laborious  research  has  been  greatly  altered  and  modified  throng 
the  application  of  the  X-rays. 

A«  Blood- Vessels  and  Respibatobt  Tract. 

I  have  studied  the  blood-vessels  of  in&nts  and  adults  1^  iqjeoting 
into  them  a  substance  ox>aque  to  the  X-rays.  The  substance  used  is  a 
concentrated  emulsion  of  bismuth  subnitrate,  a  strong  solution  of  lithaige 
(red  oxide  of  lead),  or  metallic  mercury.  In  order  to  demonstirate 
sharply  the  arterial  tree,  the  injection  must  be  done  careftilly  and  slowly. 
By  some  it  is  deemed  advisable  first  to  empty  the  arterial  system  of  all 
its  blood,  and  then  to  inject  a  solution  of  zinc  chloride,  so  as  to  get  rid  of 
any  existing  clots.  This  solution  should  be  removed  by  washing,  or  by 
forcing  water  into  the  arterial  system,  followed  by  an  injection  of  metallic 
mercury,  by  a  force  pump  connected  to  the  external  carotid  artery. 

The  kidney,  heart,  brain,  spleen,  liver,  stomach,  etc.,  may  have 
their  arterial  systems  demonstrated  by  first  removing  them  from  the 
cadaver,  and  then  injecting  into  them  some  opaque  substance,  preferably 
lead  oxide.  In  experiments  performed  two  years  ago,  I  showed  the 
arterial  and  venous  systeuLS  of  a  kidney  by  employing  substances  of 
different  densities.  Thus  metallic  mercury  was  used  for  the  renal  artery 
and  its  branches,  and  a  weak  solution  of  red  oxide  of  lead  for  the  renal 
vein  and  its  tributaries. 

The  brachial,  radial,  and  popliteal  arteries  have  been  observed  in 
the  living  subject,  especially  in  the  aged  where  sclerosis  was  present. 

I  have  tmced  the  respiratory  tract  from  the  larynx  to  the  small 
bronchioles,  by  introducing  into  the  upper  opening  of  the  larynx  a  solu- 
tion of  red  oxide  of  lead  and  allowing  it  to  expand  the  air-vesicles. 
The  larynx,  the  trachea  with  its  bifurcation,  and  the  bronchi,  with  a  few 
of  its  branches,  can  be  l>eautifully  demonstrated  skiagraphically.  Iuste;id 
of  the  re<l  oxide  of  lead,  I  have  used  small  shot,  which  travel  only  to  the 
smaller  bronchioles,  and  not  into  the  respiratory  passages  and  air-cells. 

252 


THE  CLINICAL  APPLICATIONS. 


253 


B.  Bones  and  Joints. 

So  far  as  the  subject  of  anatomy  is  concerned,  the  X-rays  have  been 
most  useful  in  studying  the  osseous  system.  When  the  entire  foetal 
skeletal  system  is  mapped  out  in  cartilage,  the  X-rays  cast  no  shadows 
of  these  structures.  As  soon  as  ossification  of  the  cartilaginous  tissues 
begins  and  advances,  every  step  involved  in  the  process  may  be  shown 
by  X-ray  skiagrams.  The  cartilage,  being  transparent  to  the  rays,  casta 
no  shadow. 

The  rays  are  of  great  value  in  estimating  and  detecting  delayed 
union  of  the  epiphyses.  All  X-ray  si)ecialists  should  be  thoroughly 
familiar  with  the  normal  appearance  of  an  epiphysis  and  the  time  of 
union.  Mr.  Poland,  F.R.C.S.,*  London,  states,  that  epiphyseal  separa- 
tion is  much  more  common  in  males,  owing  to  their  rougher  forms  of 
amusement,  heavier  work,  etc.,  and  also  that  the  injury  is  frequently 
started  in  intra- uterine  life  or  during  awkward,  difficult,  and  instru- 
mental labors.  The  larger  number  of  injuries  are  produced  during 
childhood,  between  the  ages  of  five  and  ten  and  even  up  to  the  sixteenth 
year  of  life. 

The  most  frequent  seats  of  epiphyseal  lesions  occur  in  the  upper 
epiphysis  of  the  humerus,  lower  epiphysis  of  the  femur,  lower  epiphysis 
of  the  radius,  and  in  the  phalangeal  and  metacarpal  and  metatarsal 
epiphyses.  The  times  of  union  of  the  various  epiphyses  to  the  corre- 
sponding diaphyses  of  long  bones  are  as  follows : 


Upper  Extremity. 

Radius 

(upper  end) 

Between  15  and  17 

Radius 

(lower  end) 

Between  17  and  19. 

Ulna     . 

(end  of  olecranon) 

Between  15  and  17 

Ulna 

(lower  end) 

Between  18  and  21, 

Humerus 

(lower  end) 

Between  16  and  17 

Humerus 

(upper  end) 

Between  18  and  22 

Humerus 

(end  of  epicondyle) 

Between  17  and  18, 

Metacarpal 

Between  19  and  21 

Phalanges  (fingers) 

Between  18  and  20, 

Clavicle 

Between  22  and  26. 

Lower  Extremity. 

Tibia 

(upper  end) 

Between  21  and  22 

Tibia 

(lower  end) 

Between  18  and  19 

Fibula 

(upper  end) 

Between  20  and  22, 

Fibula 

(lower  end) 

Between  19  and  22 

Femur 

(lesser  trochanter) 

Between  17  and  19 

Feumr 

(greater  trochanter) 

Between  18  and  19, 

Femur 

(head) 

Between  18  and  20 

*"  Traumatic    Separation    of    the    Epiphyses. 
Smith,  Elder  &  Co.,  London,  1898. 


>» 
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LowEK  KxTKEMiTY. — Continued. 

Femur  (lower  end)  Between  20  and  24. 

Metatarsal  I^tween  19  and  21. 

Phalanj^eH  (toes)  Between  17  and  21. 

{Ilium  Between    7  and  10. 

Ischium  Between    7  and  12. 

Pubis  Between    (»  and  lo. 
(Uniting  at  25) 

As  an  epiphysis  consists  of  mpidly  developing  cartiliige,  it  is  readily 
penetrable  by  the  rays,  while  a  skiagram  casts  ii  light  shadow  of  the 
epiphyseal  baud,  which  on  the  negative  appears  as  a  dark  band.  It  is 
essential  to  diagnose  correctly  an  epiphyse;il  injury,  as  it  often  results  in 
severe  deformity.     Both  sides  must  be  taken  for  comparison. 

The  joints  and  their  mechanism  have  been  carefully  studieil  by  Dr. 
Ernest  A.  Codman,*  of  Boston.  He  says  :  ^'  This  has  been  undertaken 
in  two  ways, — first,  by  skiagraphing  the  normal  joints  in  their  extreme 
positions  (extreme  flexion,  extension,  adduction,  etc.)  ;  secondly,  by 
watching  the  movements  with  the  fluoroscope.  As  the  parts  of  the  objei^t 
near  the  plate  show  best,  it  is  necessary  to  take  ejK'h  position  from 
both  sides.  One  thing  which  will  arrest  attention  is  the  great  distance 
that  apparently  intervenes  between  the  bones.  This  is  in  part  due  to 
the  fact  that  the  articular  cartilages,  being  easily  traversed  by  the 
rays,  do  not  cast  a  shadow.  The  wrist -joint  has  proved  most  interest- 
ing in  this  stud}^,  and  the  points  brought  out  will  be  found  in  the  fol- 
lowing description.  For  convenience  we  may  consider  the  wrist-joint  to 
1)0  made  up  of  four  immobile  and  two  mobile  elements.  (1)  Immobile 
(/.  c.j  those  miule  up  of  simple  bones  or  of  a  group  of  bones,  the  com- 
ponents of  which  cannot  change  relative  positions).  These  are  :  {a) 
metacarpal  of  thumb,  (/>)  metacarpal  of  ring-fing(T,  (c)  metiicarpal  of 
index  and  middh^  linger,  with  trapezium,  trapezoid,  os  magnum,  and  unci- 
form. This  last  gnmp  is  so  firmly  attached  to  one  another  that  they  move 
jis  a  whole,  practically  as  one  bone.  No  doubt,  however,  their  liga- 
mentous attachments  allow  of  more  or  less  s{)ring  in  strained  positions  of 
the  hand  brought  alxmt  b}*  external  force. 

**2.  Mobile  (the  components  of  which  change  relative  positions). 
(a)  The  intermediate  row  of  carpal  bones  conipose<l  of  si^aphoid,  semi- 
lunar, cuneiform,  and  pisiform.  (/>)  Radius  and  ulna.  From  vskiagraphs 
it  is  found  that  the  4'ari)us  and  metacarpus  are,  in  any  of  the  exti^eme 
j)ositions,  in  practically  th<»  same  relation  to  the  radius,  no  matter  what 
tlM*  relation  of  tlu*  nidius  to  the  ulna,  whether  i)ronation  or  supination. 
This  is  <lue  to  the  more  or  less  llexihU*  libro-cartilage,  which  in  any  pixsi- 
tUm  <'ompletes  tli<»  eu{)s  of  the  ra<lial  joint.  The  question  of  mechanism, 
then,  is  fnrther  sinij)lified  by  leaving  out  tin*  ulna,  which  really  does  not 

'  .\n'hi\es  (if  th('  Uontp^i  Hay,  August.  1S1)S. 
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enter  into  the  eonstructiou  of  the  joint  except  as  a  pivot.  The  pisiform 
also  does  not  enter  the  mechanism,  serving  only  jls  a  sesamoid  for  the 
ulnar  tendons. 

'  ^  ProcetMling  to  eliminate  other  accessory  elements,  we  can  disregard 
the  metacarpal  of  the  thumb,  ring  and  index  fingers,  each  .of  which 
moves  independently  on  the  large  fixed  elements  composed  of  the  os  mag- 
num, etc.  The  thumb  forms  a  typical  saddle  joint  with  the  trapezium, 
with  the  pommels  of  the  saddle  so  low  that  motion  is  allowed  in  a  small 
circle,  either  as  rotjition  within  the  circumference  or  straight  motions  on 
auy  of  the  radii.  The  metacarpal  of  the  ring  finger  is  allowed  a  slight 
antero-posterior  motion  of  a  few  degrees;  that  of  the  little  finger  the 
same,  but  of  slightly  greater  extent,  with  possibly  a  d^ree  of  adduction. 
This  leaves  us  with  :  (a)  The  large  compound  fixed  element  of  the  os 
magnum,  etc  (b)  The  radius  with  fibro-cartilage.  (c)  The  intermediate 
element  of  the  scaphoid,  semilunar,  and  cuneiform.  These  constitute  the 
real  wrist-joint. 

*^By  injecting  a  solution  of  paraffin  in  alcohol  containing  substances 
opaque  to  the  rays,  we  may  bring  out  the  normal  anatomical  relations  of 
certain  of  the  internal  organs.  Thus,  by  injecting  this  charged  solution 
into  the  urethra,  bladder  and  ureters,  vagina.  Fallopian  tubes,  rectum, 
and  the  intestines,  we  may  be  able  to  produce  exact  skiagrams.  To  bring 
out  the  normal  topography  of  the  large  intestines,  inject  with  water, 
and  allow  it  to  escape  from  the  small  iutestines  through  an  incision  previ- 
ously made ;  this  will  remove  the  fecal  matter,  permitting  the  opaque 
solution  to  fill  all  crevices  or  depressions  between  the  rugae.  As  has  been 
previously  stated,  we  may  by  the  X-rays  determine  the  movements  of  the 
heart  in  the  living.  The  heaving  of  the  diaphragm,  together  with  the 
relatiouship  this  organ  bears  to  the  movements  of  the  pulsating  heart, 
may  be  illustrated  by  careful  fluorescent  screen  extuninations." 

M.  Bouchard*  reports  that  he  observed  a  nuirked  dilatation  of  the 
left  auricle  when  the  intrathoracic  blood  pressure  was  raised  during  a 
deep  and  prolonged  inspiration.  The  Siime  coudition  exists  when  the 
inspirations  of  a  whooping-cough  paroxysm  are  most  violeut.  In  two 
cases  examined  with  the  fluorescent  screen  I  was  enabled  to  observe  the 
same  condition.  During  forci^l  inspiration  a  clear  space  between  the 
diaphragm  and  the  heiirt  may  readily  be  demonstrated  that  does  not  exist 
during  ordinary  inspiration. 

C.  Physiology  of  Phonation. 

The  physiology  of  phonation  as  seen  by  careful  screen  examinations 
is  very  interesting.    Max  Scheier*^  was  the  fii-st  to  investigate  this  subject. 

»  Lancet,  September  10,  1898. 

'  Fortwchritte  a.  d.  ( Jeb.  d.  KnntpenHtr.,  15.  i.,  1897-1898. 
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In  «xaiujniii^  the  parts  involved  during  phonation,  the  X-rays  should 
peinftnite  the  hi-Jid  laterally,  the  screen  showing  clear  shadows  of  the 
apiier  jiart  of  the  pharynx  and  the  naso-pharyngeal  space.  If  the  jiersou 
under  examination  utters  a  vowel  sound,  the  screen  shows  the  velum  to 
N;  raiw^Nl,  taking  a  iKMition  in  the  naso-pharyngeal  space,  the  x>osition  varj'- 
iiig  with  the  sf)und  that  Ls  utterinl.  During  the  rendition  of  the  vowel 
letter  a,  we  may  ol)ser\'e  the  velum  to  rise  a  little  and  become  more  and 
more  elevatiMl  jis  the  other  vowels  (in  the  order  of  e,  o,  u,  and  i)  are  suc- 
oemively  uttere<l.  In  high  tones  the  velum  risi»s  more  than  when  low 
omw  are  uttenMl. 

If  consi)nants  ((»xcept  resonants  and  semi- vowels)  are  pronounce*!, 
the  velum  is  rais<Ml  higher  than  when  the  sound  i  Ls  uttered.  If  the  sounds 
of  the  letters  m,  n,  and  ing  are  uttered,  the  velum  rises  only  a  very  little 
and  in  many  cjisi»s  not  at  all.  The  movements  and  positions  of  the  tongue, 
lifm,  and  the  inferior  nmxillary  bone  can  also  be  easily  interpreted  on  the 
HcnM!n.  The  movements  of  the  larynx,  velum,  and  other  associated  parts 
can  <?siHily  ]ye  mH.Mi  during  deglutition,  breathing,  hawking,  and  sneezing. 

II.  Diagnostic    Value    in    Fractures,    Dislocations,    and     Callus 
Formation. 

TIm^  emi)loyment  of  the  X-raj'S  in  surgery  has  found  a  fertile  field  in 
the  study  of  fnu'tuivs,  their  fi-equency,  character,  and  varieties.  Only  of 
late  <^inpiri(*al  kno\vli'<lge  lias  given  way  to  scientific  deductions,  whilst 
ImprovtMl  and  modified  tonus  of  treatment  have  followed  in  the  wake  of 
this  n*eent  achi(»V4»nn*nt. 

The  <h»lorniity  ass(M'iate<l  with  a  fracture  is  often  deceptive.  It  may 
1k»  due  to  swellin*;  of  the  neighboring  tissues,  <MruiTing  at  the  time  of 
or  sulKstHjutMit  to  tin*  accitlent.  Tin*  diagnosis  of  a  fracture  is  not  pit;- 
clmled  by  employing  certain  bony  landmarks  as  guides  in  the  diagnosis. 
Again,  shortening  i1<kIs  not  o4*cur  in  grt^en-stiek  frai'tuivs,  in  thusi*  which 
an*  imi)acted.  or  in  the  intra-articular  or  in  the  longitudinal  fractuivs  of 
small  Ikuies,  sueh  as  the  carpal  or  tai*s;il. 

Pivternatunil  nn»bility  is  a  sign  of  ihaibtful  value.  It  often  defies 
iwognition  in  in«-i»nii>let«\  intni-arti<*ular.  and  tissni\Hl  fractures.  In 
fractun's  near  a  j«»int  it  is  ot'ten  inip<»ssible  t<»  dirlan*  posit ivt*ly  if  the 
mobility  prmttil  fnna  tin-  j«»int  or  from  the  supposiMl  sinit  of  fnieture. 
l>itVuulty  may  U-  t-xp»rien(iMl  in  grasping  the  fragments,  and  nnigh 
manipnlaTi«»ii  •'X|ni';#-s  the  patient  to  the  danger  <)f  having  a  simple  fracture 
i\»iivtTtt*il  inr.!  :i  riMiijMiiiiiil  one. 

l'n-p;Tu<  :<  !:k^•^v:^'  .1:1  uiiivliable  gni<l«»  in  the  diagnosis  of  fnictun*. 
Inter{N>>Lri.»T:  :wr\v»-*-:i  :],*•  na:xnients  s^i'  nuiM-le  tissue,  fasi'ia,  or  grauula- 
f.^iis  wii;  iii.i^k  riif  :r:ii-  •  i«:idiTi«»n.  In  incomplete,  lissui\Hl,  or  impactiHl 
fr.ii nirvs  .-r'  *;:r-  i.r^  k  -■:  ri.r-  femur  and  humerus  the  nature  and  seat  of  the 
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injury  may  fail  to  elicit  this  sign ;  again  this  difl&culty  may  be  encountered 
where  muscular  action  maintains  displacement  and  separation  of  the 
fragments,  as  in  transverse  fracture  of  the  patella,  olecranon,  coracoid 
and  acromion  processes  of  the  scapula,  etc.  Lastly,  tenosynovitis,  move- 
ment of  a  rheumatic  joint,  and  inflammation  of  a  sheath  or  tendon  may 
closely  simulate  crepitus. 

Movement  of  a  broken  bone  or  pressure  at  the  seat  of  fracture  elicits 
pain,  but  its  presence  is  not  positively  diagnostic.  Loss  of  function  is 
another  negative  proof,  as  arthritis  and  painful  joints  will  often  cause 
this  condition. 

A.  The  Advantages  of  the  Eontgen  Eay  Method  in  the  Differ- 
ential Diagnosis  of  Complicated  Fractures. 

The  foregoing  signs  and  symptoms  are  established  facts  based  on 
clinical  knowledge.  They,  however,  do  not  manifest  themvselves  in  any 
giv^en  order,  and  are  not  typical,  as  they  do  not  exist  in  all  cases.  They 
always  require  an  observant  eye,  a  trained  ear,  and  an  experienced  touch. 
This  method  is  supplemented  by  the  X-i-ays,  which  for  accuracy  and 
reliability  are  far  superior  to  it,  and  possess  the  following  additional 
advantages : 

1.  As  a  method  of  diagnosis  it  is  painless.  It  entails  no  waiting  for 
the  diminution  of  the  swelling  nor  necessity  for  the  removal  of  bandages. 

2.  It  allows  a  positive  diagnosis  to  \ye  made,  at  the  same  time  reveal- 
ing the  exact  nature  of  the  injury.  ^ 

The  variety  of  fracture,  whether  oblique,  transverse,  comminuted  or 
fissured. 

Its  exact  sejit  and  extent,  whether  of  the  anatomical  or  surgical 
neck  or  shaft,  whether  intra-  or  extra- capsular,  simple,  complete,  or 
incomplete,  green-stick  or  intra-articular,  etc. 

The  number  of  fragments,  their  size,  shape,  position  or  location. 

The  overlapping  of  the  fragments,  the  exact  amount  and  direction 
of  displacement,  and  whether  the  fragments  are  in  apposition  or  not, 
can  only  be  ascertained  before  or  after  the  reduction  of  the  fracture. 

3.  It  allows  of  its  differential  diagnosis  from  the  following  condi- 
tions :  dislocation,  epiphyseal  separation  and  displacement ;  disejises  of 
bones  and  joints. 

The  differentiation  of  a  fnicture  from  a  dislocation  is  often  difficult, 
l>ecause  the  great  eflfiLsion  or  swelling  around  the  joint  will  quick I3' 
produce  marked  deformity.  Because  immediate  reduction  is  necessary, 
an  early  diagnosis  is  an  important  matter. 

When  an  injury  occurs  in  the  vicinity  of  a  joint,  especially  in  chil- 
dren, the  epiphyseal  condition  will  at  once  attract  attention.  The 
epiphyseal  separation  or  displacement  is  mast  important,  but  is  easily 
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solved  by  the  skiagraph.  In  diifereiitiatiiig  ei)iphyseal  separation  from 
fracture,  the  patient's  age  must  be  considered,  the  average  date  of  union 
varying  in  each  indi\idual. 

Fractures  of  tlie  epiphyses  and  their  disphicements  can  also  be 
differentiated  from  fractures  of  other  portions  of  the  bone.  Fragments 
of  the  epiphyses  may  float  in  the  joint  and  simulate  fracture  or  dislo- 
cation. 

B.  Diseases  of  Boxes  and  Joints. 

The  normal  lK>ne  appears  on  the  skiagram  with  its  characteristic 
texture.  When  any  alteration,  as  increa^^ed  density,  is  shown,  it  is  due 
either  to  an  increjised  blood  supply  (as  in  osteitis  or  i)eriostitis)  or  to 
hypertrophy  of  the  osseous  structure,  and  the  beginning  of  an  inflamma- 
tory process.  Later,  when  the  caseation  or  absorption  takes  phu'c, 
the  bone  will  appear  more  translucent  than  normal.  This  shadow  can 
readily  be  differentiated  from  that  of  a  fracture. 

Osteitis  and  periostitis  are  differentiated  from  fracture  and  callus  with 
great  facility. 

Tumors  of  bones  can  be  differentiated  from  suspected  fractures  or 
formations  of  callus,  especially  in  cases  of  impacted  fractures  ofthe  nec»k 
of  the  femur;  for  the  latter,  being  undiagnosed,  and  exuberant  callus 
forming,  may  be  mistaken  for  a  tumor. 

ExohIoscs  of  bones,  which  niiiy  occur  either  after  fracture  or  in- 
jury to  the  epipliyses,  <;iin  be  differentiated  from  a  displaced  fragment 
of  fractuHMl  bone.  Exostoses,  however,  may  be  congenital,  when  not 
infrtMiueiitly  they  are  found  to  l)e  multiple. 

The  differentiation  betwi'en  coxa  vara,  fracture  of  \\w  neck  of  the 
femur,  coxalgia,  and  arthritis  of  the  hip-joint,  is  of  great  value  to  the 
surgeon. 

Diseases  of  Joints. — In  cases  of  synovitis,  tenosynovitis,  arthi'algia, 
rheumatic  conditions,  bui-sitis,  epiphysitis,  and  tul)erculous  arthritis 
following  injuries,  the  X-niys  will  prove  most  valuable  in  ch»aring  uj)  the 
diagnosis  by  differentiating  Ix^tween  fractures  and  disejise^  or  injuries 
of  the  soft  tissues. 

By  means  of  the  X-rays  we  are  enabled  to  show  clearly  the  bont^s,  the 
muscles,  and  tendons  (such  as  tendo  Achillis,  and  ligament um  patelhe, 
tendo-(iuadric<»ps,  <'tc.  )  :  hut  often  w<»  experience  much  ditliculty  in  de- 
tecting with  the  aid  of  tin*  X-rays  the  injuri<*s  to  th(\se  soft  structures  in 
all  parts  of  the  human  body.  In  cliiMren  the  X-rays  show  the  capsule 
an<l  hamstring  tendons  in  the  knee-joints,  etc. 

Spraififi  and  sf rains  causiMl  by  a  twisting  of  Wh"  joint,  wliieh  result  in 
a  ruptun*  of  soni**  or  all  of  the  ligann'nts  or  tendons,  are  conditions  always 
ditVicnlt  to  <lia;^iiosi\     In  those  suspected  cases  when  tin*  part  is  examintMl 
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with  the  X-rays  it  is  noticed  that  there  is  no  fracture,  and  by  exclusion 
we  are  justified  in  saying  that  a  sprain  exists.  If  the  periosteum  is  torn 
off  by  a  ligament  or  tendon,  it  will  be  observed  under  certain  favor- 
able conditions.     (See  Pigs.  133  and  145.) 

In  many  instances  I  have  been  able  to  see  on  the  negative  the  ten- 
dons and  ligaments  in  the  ankle-joint,  and  in  the  lateral  view  also  those 
of  the  knee-joint,  etc.,  especially  when  a  soft  negative  was  obtained.  In 
children  the  negative  should  be  ^^soft"  and  full  of  details;  a  short 
exposure  with  a  high-vacuum  tube  should  be  the  rule. 

C.  Valup:  in  the  Treatment  of  Fractures. 

The  X-ray  diagnosis  during  and  after  the  treatment  of  fractures  is 
invaluable,  assisting  the  surgeon  in  approximating  the  fragments,  which 
can  be  accomplished  by  observing  the  process  with  a  fluoroscope ;  thus  a 
cast  can  be  applied  at  once  without  disturbing  the  reduced  fragments. 
After  the  permanent  dressing  or  cast  has  been  applied,  another  fluoro- 
scopic or  skiagraphic  examination  will  reassure  him  of  the  correctness  of 
the  position  of  the  fragments. 

As  a  fracture  is  readily  diagnosed  by  the  X-rays,  it  is  no  longer 
necessary  to  delay  treatment  until  the  swelling  and  effusion  subside,  thus 
endangering  the  integrity  of  the  joint. 

The  frequency  of  deformities  following  fractures  has  been  steadily 
decreasing  since  the  introduction  of  the  X-rays. 

In  suturing  or  wiring  the  great  advantage  gained  from  the  rays  is 
that  the  operator  is  informed  whether  or  not  the  suturing  material  is. 
remaining  intact. 

D.  Callus  Formation. 

In  the  first  stage  of  callus  formation  the  X-rays  reveal  nothing. 
About  the  twelfth  or  fifteenth  day,  it  manifests  itself  as  a  cloudy  mass  at 
the  ends  of  the  fragments,  and,  as  calcareous  salts  are  deposited,  the  X-rays 
show  the  presence  of  a  danker  substance.  The  time  required  to  produce 
this  phenomenon  depends  upon  the  variety  of  fracture,  the  age  of  the 
individual  suffering  from  the  accident,  etc. 

Duration  of  Callus  Formation, — This  is  variable,  in  small  bones  the 
time  required  is  brief;  thus  the  metatarsal  bones  manifest  a  cloudy 
appearance  about  the  end  of  the  second  week.  About  the  second  month 
the  rays  show  the  callus  formation  to  be  firm  and  definite.  It  is  fre- 
quently difficult  to  see  the  shadow  of  callus ;  because  the  latter  is  liable  ta 
be  superimposed  by  the  shadow  of  the  bones.  The  shaj^e  of  the  callus  is 
fusifoim  and  encircles  the  ends  of  the  fragments. 

The  Varieties  of  Callus. — In  many  cases  the  bones  are  united  firmly 
and  strongly  several  months  after  the  accident,  nevertheless  the  X-rays 
may  fail  to  reveal  these  conditions.     On  the  contrary,   callus  may  be 
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thrown  out  and  yet  tlie  parts  may  not  be  firmly  united,  as  in  an  oblique 
fracture  of  the  tibia  and  fibula.  This  may  arise  from  the  callus  being 
too  deficient  in  quantity  to  give  a  shadow  on  the  plate. 

Perfect  Apposition. — If  there  is  good  apposition  at  the  ends  of  the 
fragments,  especially  of  the  long  bones,  the  callus  is  not  easily  discovered, 
being  overlapped  by  the  shadow  of  the  bones ;  but  a  Ciireful  examination 
will  divulge  the  callus,  encircling  and  forming  a  faint  fusiform  shadow, 
in  addition  to  the  compact  osseous  tissue. 

Slight  Overlapping. — In  cases  of  displacement  or  slight  overlapping, 
the  space  between  the  fragments  will  be  a  light  area,  but  as  callus 
is  deposited  the  space  will  become  gradually  lighter  on  the  negative, 
depending  upon  the  thickness  of  the  callus  thrown  out. 

False  Joint. — If  callus  does  not  fill  the  space  between  the  fragments, 
the  bone  at  the  seat  of  fracture  remains  movable  and  the  condition  of  a 
false  joint  is  produced.  This  is  the  result  of  a  fibrous  and  not  of  a  bony 
union.  It  is  of  great  importance  to  be  able  to  differentiate  true  from  false 
union. 

Fractures  toith  Extensive  Displacements. — When  the  displacement  is 
so  extensive  (2-3  cm.)  that  the  ends  of  the  fragments  do  not  come  in 
apposition,  lateral  union  occurs,  which  requires  several  years  for  its  com- 
pletion and  at  best  does  not  result  in  a  very  strong  coaptation  of  the 
fragments. 

Age. — Because  of  the  vitality  of  the  osseoiLS  system  and  the  perios- 
teum, the  formation  of  callus  in  children  and  the  adolescent  is  more  rapid 
than  in  the  adult  and  the  jiged.  This  rejidy  deposit  of  callus  must  not 
be  mistaken  for  periostitis  the  result  of  the  traumatism. 

Structure  of  Callus. — When  the  fracture  is  old  and  vicious  union 
hjus  occurred,  the  X-rays  may  reveal  a  partial  or  complete  absence  of  the 
bony  structure,  the  texture  and  trabeculie  having  suffered  a  complete 
change.  Care  should  be  exercised  not  to  confound  this  osseous  change 
with  osteo- myelitis  or  some  other  bone  disease. 

III.  Fractures  and  Dislocations  of  the  Upper  Extremity. 
The  Hand. 

FJuoroHcopic  Examination, — The  fluoroscopic  examination  of  the  hand 
is  satisfactory  only  when  no  skiagraph  can  be  taken. 

In  the  examination  for  fracture,  the  patient  should  be  seated  and  all 
bandages  and  splints  removed.  In  the  presence  of  a  wound,  avoid  all 
danger  of  scepsis  by  cov«Ting  it  with  aseptic  gauze.  Extend  the  hand, 
place  it  against  tlu^  screen,  20  inches  from  the  Crookes  tube,  the  rays  are 
to  fall  perpendicularly.  The  right  hand  of  the  operator  grasps  the  handle 
of  the  fluoroscope,  with  his  left  he  manipulates  the  hand  of  the  patient, 
gently  pressing  and  rotating  the  susi)ected  i^arts  in  order  to  view  at 
all  angles  the  injured  part.     This  pressure  in  eases  of  green-stick  and 
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impacted  fracture  is  especially  necessary,  in  order  to  produce  marked 
separation  of  the  fragments,  so  as  to  be  able  to  view  the  disturbance  of 
texture  and  the  irregular  contour  of  the  periosteum. 

In  order  to  determine  the  direction  of  the  displacement  in  disloca- 
tion, the  phalanges,  carpals,  and  metacarpals  must  be  examined  in  the 
lateral,  antero-posterior,  and  oblique  positions.  The  backward  disloca- 
tion of  the  first  phalanx  of  the  thumb  is  of  special  interest,  because  there 
is  usually  some  difficulty  in  its  reduction.  (Fig.  117.)  Of  course  the 
normal  hand  must  first  be  studied.     (Fig.  118.) 

Skiagraphic  Examination. — Secure  a  sensitive  plate  of  sufficient  size 
to  include  the  entire  hand.  The  arm  and  elbow  should  rest  upon  the 
table,  to  obviate  any  possible  movement  or  tremor.  Place  a  sheet  of 
blotting  paper  or  celluloid  between  the  hand  and  the  plate,  to  prevent 
moisture  affecting  the  gelatine  coat  of  the  latter.  The  tube  should 
now  be  placed  20  inches  (50  cm.)  above  the  hand,  directly  over  the 
middle  of  the  third  metacarpal  bone.  Expose  the  plate  from  3  to  5 
seconds.  In  skiagraphing  the  phalanges,  it  is  necessary  to  take  both  a 
lateral  and  an  antero-posterior  view.  Fracture  of  the  scaphoid  is  shown 
in  Fig.  119. 

Lateral  and  oblique  fractures  of  any  of  the  phalanges  may  be  readily 
skiagraphed  by  placing  the  fingers  separately  in  a  lateral  position  upon 
the  plate.  Unfortunately  carpal  and  metacarpal  bones  cannot  be  skia- 
graphed separately.  The  fluoroscope  usually  suffices  in  the  examina- 
tion of  the  phalanges,  but  for  the  carpal  and  metacarpal  bones  more 
satisfactory  results  are  obtained  with  the  skiagraph.  If  there  is  much 
swelling  of  the  palmar  surface  of  the  hand,  place  that  member  in  the 
dorsal  position  upon  the  plate,  when  the  shadow  of  the  bone  will  appear 
much  clearer. 

The  Wrist-Joint. 

Fluoroscopic  Examination. — In  examining  the  wrist-joint,  follow  the 
directions  given  for  the  hand  ;  manipulate  the  part  gently,  so  as  not  to 
aggravate  the  injury.  This  examination  should  be  conducted  before 
splints  or  casts  are  applied.  Much  assistance  can  be  rendered  the 
surgeon  if  the  process  of  reduction  is  watched  through  a  fluoroscope. 

Skiagraphic  Examination. — The  wrist-joint  should  be  skiiigraphed  in 
the  supine,  prone,  and  the  lateral  positions  both  before  and  after  reduc- 
tion and  also  before  removing  the  cast.  Plac«  both  the  hands  upon  the 
plate  for  comparison.  A  small  weight  is  placed  upon  the  hand,  or  the 
arm  is  strapped  to  a  board,  to  prevent  tremors.  In  the  lateral  position 
the  tremor  can  be  avoided  by  the  patient  grasping  a  book  or  other  small 
object. 

Ijower  End  of  the  Radius  and  Ulna.— An  epiphyseal  separation  at  the 
lower  end  of  the  radius  may  be  mistaken  for  a  Ck)lles's  fracture.  (Fig.  124. ) 
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It  must  be  borne  in  mind  that  the  epiphysis  commences  to  ossify  about 
the  end  of  the  second  year  of  life,  and  unites  with  the  shaft  at  about 
the  nineteenth  or  twentieth.    Vertical  fracture  of  the  epiphysis  is  rare. 

The  diflficulty  in  detecting  this  fracture  is  due  to  a  wrong  position  of 
the  tube,  in  consequence  of  which  its  rays  not  falling  perpendicularly  do 
not  traverse  between  the  fragments ;  or  the  shadows  of  the  fragments  may 
superimpose,  and  thus  obliterate  the  dark  line  on  the  negative. 

Though  dislocations  at  the  wrist-joint  were  regarded  by  the  older 
writers  as  of  infrequent  occurrence,  the  advancements  made  in  diagnosis 
and  the  discovery  of  the  X-rays  prove  them  to  be  of  much  greater  fre- 
quency than  was  formerly  supposed.  These  dislocations  may  be  back- 
ward, forward,  or  lateral,  and  may  occur  independently  of  fracture  of 
the  radius  or  ulna. 

The  Forearm. 

A  fluoroscopic  examination  of  the  forearm  is  conducted  in  the  same 
manner  as  for  the  wrist-joint. 

A  skiagraph ic  examination  can  be  taken  while  the  arm  is  in  either 
the  supine,  prone,  or  lateral  position.  The  plate  should  be  8  x  10  inches 
(20  X  25  cm.),  the  time  of  exposure  from  5  to  10  seconds. 

Fractures  of  the  middle  third  of  the  nidi  as  and  ulna  in  children  are 
discerned  with  difficulty  by*  the  fluoroscopy  being  usually  the  so-called 
green -stick  fractures.     A  skiagraph  is  preferable.     (Fig.  125. ) 

In  fractures  of  the  radius  and  ulna,  if  the  two  lines  of  injury  are 
near  each  other,  the  subsequent  callus  formation  may  bring  these 
bones  together,  thus  producing  a  synostosis,  which  will  interfere  with 
rotation  of  the  arm.  The  X-rays  will  indicate  the  amount  of  callus 
thrown  out. 

In  Colle^s\s  fracture  a  skiagraph  taken  in  the  antero-posterior  posi- 
tion may  not  show  the  fracture,  or  should  the  fracture  appear  the  degree 
of  displacement  of  the  lower  fragment  may  not  show  at  all.  This  will 
necessitate  a  skiagraph  taken  in  the  latei*al  positions  : — /.  e.,  the  ulnar  or 
radial  sides  being  in  contact  with  the  plate.     (Figs.  120,  121.) 

In  the  oblique  type  of  Colles's  fracture  the  line  of  dissolution  often 
includes  a  chipping  off  of  the  styloid  process  of  the  radius. 

Fracture  of  the  styloid  process  of  the  radius  may  be  found  inde- 
pendent of  (Figs.  122,  123),  or  in  connection  with,  Colless  fi*actui*e. 
Often  the  anterior  border  of  the  radius  is  fractured,  producing  subluxa- 
tion of  the  wrist. 

Multiple  fracture,  especially  that  form  known  as  the  Y-fractnre,  is 
more  common  than  is  usually  supposed. 

The  supine  or  prone  position  of  the  wrist  may  show  in  the  skiagram 
either  lateral  displacement,  transvoi^se,  oblique,  or  Y-fraeture,  and  fissure 
or  fracture  of  the  styloid  process  of  the  radius. 
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Occasionally  the  styloid  process  carries  with  it  when  fractured  a 
part  of  the  dorsal  border  of  the  radius  ;  this  is  known  as  Barton's  frac- 
ture. CoUes's  fracture  is  frequently  associated  with  fractures  of  the 
styloid  process  of  the  ulna  accompanied  by  rupture  of  the  triangular 
fibro-cartilage. 

The  Elbow-Joint. 

Fluoroscopic  Examination. — It  is  very  unsatisfactory  to  examine  the 
elbow  in  the  an tero- posterior  position  with  the  ordinary  fluoroscope,  as 
the  curvature  of  the  part  prevents  a  close  approximation  of  the  screen. 
To  meet  this  difficulty  it  is  necessary  to  employ  a  small  tubular  fluoro- 
scope which  fits  snugly  the  anterior  surface  of  the  joint.  A  disadvan- 
tage of  this  fluoroscope  is  the  small  area  brought  into  view.  To  obviate 
this  the  author  has  devised  a  flexible  fluoroscope  which,  when  proi)erly 
used,  will  bring  all  the  parts  into  view. 

The  lateral  position  is  by  far  the  most  convenient  one  in  which  to 
examine  injuries  of  the  elbow-joint  with  the  fluoroscope.  The  joint 
should  be  viewed  from  the  internal,  external,  and  lateral  positions. 

Skiagraphic  Examination  of  the  Elbow. — Skiagraph  the  elbow  either 
in  the  anterior,  posterior,  or  an  tero- posterior  position.  The  forearm 
should  be  well  extended  and  placed  in  the  supine  position.  The  sensi- 
tive plate  8x10  inches,  (20x25  cm.)  is  placed  under  the  olecranon 
process  of  the  ulna,  with  the  tube  held  at  a  distance  of  from  12  to  16 
inches  (30  to  40  cm.)  above  the  joint. 

The  elbow-joint  is  best  shown  in  two  views,  the  antero- posterior  and 
the  lateral. 

To  skiagraph  the  elbow  in  the  postero-anterior  position,  place  the 
patient  in  the  ventral  recumbent  posture,  with  the  arm  extended  by  his 
side.  Place  a  small  plate  under  the  joint,  remembering  that  it  should  be 
as  near  the  bones  as  possible. 

A  sensitive  film  can  be  placed  in  the  flexure  of  the  elbow -joint  and 
the  tube  beneath  the  table ;  a  convex  block  of  wood,  also  conforming 
to  the  contour  of  the  flexure  of  the  joint,  will  hold  the  film  in  position. 

In  the  lateral  position  the  plate  should  be  placed  either  under  the 
internal  surface  of  the  elbow  with  the  tube  above  the  joint,  or  over  the 
external  surface  with  the  tube  beneath  the  table,  the  former  being  prefer- 
able. In  both  of  the  above  methods,  the  elbow  should  be  flexed  and 
brought  on  a  level  with  the  shoulder  of  that  side. 

To  properly  interpret  the  shadows,  a  normal  corresponding  joint  in 
the  same  individual  must  first  be  carefully  studied;  especially  is  this 
the  case  with  children.  In  the  an  tero- posterior  position,  we  notice  the 
shadow  of  the  olecranon  process  clearly  visible  and  superimposed  upon 
the  shadow  of  the  sigmoid  fossa.  Light  shadows  are  seen  between  the 
articulating  surfaces  of  the  humerus  and  ulna. 
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A  skiagram  of  the  elbow  in  the  antero-posterior  position  always 
shows  a  light  horizontal  shadow  between  the  internal  condyle  of  the  ha- 
nierus  and  the  coronoid  process  of  the  nlna,  which  has  often  deceived  the 
inexperienced  into  diagnosing  a  fractore  of  the  olecranon.  Fig.  126  shows 
the  lighter  portion  extending  inward  between  10  and  7,  toward  11.  This 
shadow  is  in  reality  that  of  the  olecranon  process  of  the  ulna,  and  is 
deceptive,  because  it  is  bounded  by  heavier  shadows,  which  are  cast  by 
the  humerus  and  olecranon  on  one  side,  and  by  the  coronoid  and  the 
olecranon  processes  on  the  other. 

Fractures  of  the  head  or  neck  of  the  radius  are  of  rare  occurrence. 
(Fig.  126.) 

Separation  of  the  epiphyses  is  extremely  rare.  (Fig.  127.)  It  is 
convenient  to  know  that  ossification  begins  about  the  sixth  year,  and 
union  with  the  diaphysis  occurs  about  the  sixteenth  or  seventeenth  year. 

Fractures  of  the  upper  third  of  ulna,  with  dislocation  of  the  head  of 
the  radius,  are  skiagraphed  by  lateral  exposure.     (Fig.  128.) 

In  longitudinal  fracture  of  the  upper  end  of  the  ulna,  the  lateral 
position  will  not  reveal  the  fracture,  but  it  must  be  skiagraphed  in  the 
antero-posterior  position. 

In  order  to  separate  the  fragments,  when  the  fracture  is  in  close 
proximity  to  the  insertion  of  the  brachialis  auticus,  the  arm  should  be 
well  extended  during  the  examination. 

DUdocation  of  the  Elbow- Joint, — For  dislocations  of  the  elbow-joint  a 
lateral  view  should  l)e  taken  with  fluoroscopic  and  skiagraphic  examina- 
tions. In  children,  this  dislocation  may  simulate  epiphyseal  separation. 
Supra-condyloid  fracture,  partial  fracture  of  the  internal  epicondyle,  and 
partial  detachment  of  the  external  condyle  of  the  humerus,  are  well 
shown  in  Figs.  129,  130,  131,  and  132.  Detachment  of  the  supinator 
longus  muscle,  simulating  a  fracture  of  the  humerus  and  epiphysitis  of 
the  humeral  head,  at  first  thought  to  be  a  fracture,  are  depicted  in  Figs. 
133,  134,  and  135. 

The  Middle  Third  of  the  IIumeuus. 

Fluoroscopic  and  skiagraphic  examinations  readily  reveal,  from  all 
sides,  fnictures  of  the  middle  third  of  the  humerus. 

The  Shouldek-Joint  and  its  Vicinity. 

On  account  of  the  innnediate  swelling  of  the  part,  examination  is 
often  rendered  verv  difficult. 

« 

Fluoroscopic  Examination, — If  the  patient  is  a  child  or  a  thin  person, 
this  method  of  examination  will  be  siitisfactory. 

Should  one  suspect  fracture  with  dislocation,  it  is  preferable  to 
take  a  skiagram,  as  it  requires  l<\ss  disturbance  of  the  parts.  The 
examination  is  made  in  the  antero-posterior  position. 
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Fractures  of  the  surgical  neck  of  the  humerus  are  quite  common 
(Fig.  136),  while  fractures  of  the  anatomical  neck  are  very  rare. 

In  skiagraphing  the  shoulder-joint,  in  order  to  avoid  erroneous  inter- 
pretationS;  the  operator  should  always  bear  in  mind  that  the  epiphysis 
and  diaphysis  do  not  unite  until  the  twentieth  year. 

SkUigraphw  Examination. — The  patient  is  placed  in  the  dorsal  recum- 
bent posture,  the  head  being  supported  by  a  low  pillow,  and  the  un- 
bandaged  arm  is  extended  to  an  angle  of  35^,  and  is  immobilized  by 
employing  a  sand-bag  or  small  weight. 

In  corpulent  individuals  the  head  of  the  humerus  may  be  too  distant 
from  the  sensitive  plate.  This  may  be  remedied  by  simply  tilting  the 
patient  to  that  side,  or  by  raising  the  uninjured  shoulder  on  a  pillow. 
The  rays  should  be  directed  over  the  lower  bolder  of  the  glenoid  cavity. 

In  viewing  from  the  anterior  position,  the  patient  may  lie  either  on 
his  abdomen  or  on  his  back.  When  the  patient  assumes  the  former 
position,  the  tube  is  placed  over  the  spinous  process  of  the  scapula,  and 
the  plate  rests  on  the  table,  under  the  joint.  In  the  dorsal  recumbent 
position  the  tube  is  placed  under  the  table,  and  the  patient  may  rest 
either  in  the  dorsal  decubitus  or  semi-recumbent  position.  I  put  the 
plate  in  an  adjustable  plate-holder,  which  prevents. it  from  coming  in  con- 
tact with  the  patient.  The  rays  should  be  applied  only  during  the  period 
in  which  the  patient  holds  his  breath,  after  a  full  inspiration  or  expira- 
tion. These  intermittent  exposures  should  be  repeated  4  or  5  times. 
This  method  prevents  the  blurred  effects  which  one  sees  occasionally. 

Dislocations  or  Subluxations  of  tlie  Shoulder. — In  these  classes  of  cases 
there  is  likelihood  of  wrong  interpretation  of  the  skiagraphed  part,  as 
different  positions  of  the  tube  and  arm  will  give  varying  relations  of  the 
humeral  head  to  the  glenoid  cavity.  In  order  to  guard  against  this  error, 
a  large  plate  should  be  used  on  both  shoulders,  and  the  parts  skiagraphed 
simultaneously,  by  placing  the  tube  on  the  median  line,  and  maintaining 
both  shoulders  and  arms  in  precisely  the  same  position.  Instead  of 
using  one  large  plate,  we  may  employ  two  plates  placed  together. 

The  acromio-clavicular  space,  being  cartilaginous,  appears  as  though 
a  fracture  or  separation  existed.  Sometimes  this  light  area  is  exaggerated 
on  account  of  the  faulty  or  oblique  position  of  the  shoulder  or  part. 

The  oblique  ridge  separating  the  head  from  the  anatomical  neck 
often  shows  a  white  line  on  the  negative.  A  depression  where  the 
spinatus  muscle  is  attached  may  also  be  seen  on  the  plate.  Fig.  137 
shows  a  fractui*e  of  the  acromion  process. 

The  Clavicle. 

Fractures  of  the  clavicle  occur  mostly  in  children,  yet  they  may 
happen  at  any  age.  (Fig.  138.)  Skiagraphic  examinations  are  best 
obtained  by  taking  either  anterior  or  posterior  views.  Dislocation  of 
the  scapular  end  and  other  varieties  can  be  readily  discerned. 
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The  Scapula. 

Fracture  of  the  scapula  is  best  skiagraphed  in  the  dorsal  recumbent 
posture.  The  coracoid  process  is  best  skiagraphed  with  the  patient  on 
his  abdomen ;  the  better  method  is  to  place  the  tube  in  such  a  position 
that  the  rays  will  pass  through  the  axillary  space,  the  plate  being 
fastened  over  the  clavicle,  the  coracoid,  and  acromial  processes. 

Always  endeavor  to  throw  the  shadow  of  the  process  under  the  clear 
space  of  the  clavicle,  and  not  over  the  neck  of  scapula. 

Fractures  of  the  Skull. 

Many  difficulties  are  met  in  skiagraphing  fractures  of  the  skull, 
owing  to  the  superimposition  of  the  shadows  of  the  bony  walls  surround- 
ing the  part  under  examination,  and  the  difficulty  in  bringing  the  plate  in 
proper  apposition  to  the  curved  outline  of  the  skull  cap.  Fluoroscopic 
examinations  are  satisfactory  in  the  thin  skulls  of  young  children.  Skia- 
graphs can  be  taken  in  the  lateral,  the  fronto-occipital,  and  the  occipto- 
frontal  positions,  but  the  lateral  view  affords  greater  detail  of  structure 
and  offers  a  clearer  field. 

Fissured  fracture  of  the  base  defies  detection,  because  the  line  of 
fracture  is  inaccessible  in  any  position  in  which  the  tube  may  be  placed. 
Any  change  in  the  contour  of  the  inner  or  outer  tables  of  the  skull  or  the 
presence  of  the  formation  of  callus,  can  be  brought  out  by  placing  the 
tube  and  plate  in  exactly  the  right  position,  which  can  be  determined  only 
by  constant  practice. 

IV.  Fractures  and  Dislocations  of  the  Lower  Extremity. 

The  Foot. 

Fradureft, — Fractures  of  the  plialunges  of  tlie  foot  are  of  the  com- 
niinuted  orspliutered  tyj)**. 

Fractures  of  the  metatarsiil  l)ones,  whieli  wero  formerly  thought  to  be 
extremely  rare,  have*  been  sliown  by  the  X-iays  to  he  of  common  occur- 
rence. (Figs.  13I>  and  140.;  The  so-called  '•  swelling"  of  the  feet  is 
often  due  to  fracture  of  one  or  more  metat;irsal  hones.  The  first  and  fifth 
of  these  bones  are  most  frequently  broken,  the  resulting  fracture  being  of 
the  compound  type. 

Frac^tures  of  the  astragalus  and  os  calcis  are  not  infrequent,  the  force 
travelling  through  the  body  or  neck.  This  injury  is  often  associated  with 
a  separation  or  a  dislocation  of  one  or  the  other  fragment.  Fracture  of 
the  OS  calcis  may  involve  the  body  of  the  bone  or  one*  of  its  processes,  and 
is  frequently  comminuted.  Fractures  of  the  astragalus  and  os  calcis  can 
readily  be  seen  on  the  screen  if  there  is  sufficient  separation  of  the 
fragments.     The  lateral  view  is  always  i)i'eferal)le. 

Fractures  of  the  phalanges  and  metataisjil  bones  may  be  disclosed  by 
a  fluoroscopic  examination.     Skiagrams  of  these  fractures  maj'  be  made 
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in  a  number  of  positions.  In  the  anterior-posterior  position  the  patient 
occupies  a  high  stool  with  a  back  rest,  which  affords  greater  comfort  and 
lessens  the  possibility  of  movement.  The  foot  should  be  placed  on  a 
small  supporting  bench  which  may  serve  as  a  holder  for  the  sensitive 
plate  as  well. 

The  foot  is  extended  by  gradually  moving  the  bench  from  the  stool, 
the  patient  in  the  meantime  being  instructed  to  keep  the  sole  of  the  foot 
evenly  upon  its  top.  In  skiagraphing  a  "partial''  lateral  view  the 
rays  from  the  tube  should  fall  more  or  less  obliquely,  thus  preventing  a 
superimposition  of  the  metatarsal  shadows. 

Skiagraphy  of  the  tarsal  bones  is  more  difficult.  The  astragalus  may 
be  successfully  skiagraphed  in  an  antero-posterior  view,  by  placing  the 
tube  anteriorly  at  the  upper  angle  of  the  foot  and  the  sensitive  plate 
posteriorly,  plantar  or  dorsal.  Put  both  feet  close  together  upon  two 
separate  8  x  10  inch  (20  x  25  cm.)  plates,  with  the  tube  in  the  centre.  The 
tarsal  articulation  can  be  best  skiagraphed  by  placing  the  plate  against 
the  dorsum  of  the  foot  and  allowing  the  rays  to  penetrate  through  the 
plantar  surface. 

Dislocations. — Phalangeal  dislocations  of  the  foot  closely  correspond 
to  those  of  the  hand,  but  are  of  much  less  frequent  occurrence. 

Dislocation  of  the  metatarsal  bones  at  the  tarso-metatarsal  articula- 
tion, usually  occurs  as  a  complete  displacement  involving  several  or  all  of 
the  metatarsal  bones  on  the  dorsum  of  the  foot.  Plantar  dislocations  are 
very  rare. 

The  technic  in  dislocations  is  practically  the  same  as  has  been 
discussed  under  fractures. 

The  Ankle-Joint  and  Contiguous  Structures. 

Fractures. — Fractures  of  the  ankle-joint  involve  the  tibia,  fibula,  and 
tiirsal  bones,  either  alone  or  in  combination.  For  all  practical  purposes 
they  should  be  divided  into  two  groups,  dislocation-fracture  and  sprain- 
fracture. 

A  supramalleolar  fracture  of  the  tibia  and  fibula  is  best  skiagraphed 
antero-posteriorly.  Skiagrams  of  typical  Pott's  fracture  show  a  trans- 
verse or  oblique  line  of  injury  in  the  lower  third  of  the  fibula,  with  frac- 
ture of  the  malleolar  processes  of  the  tibia.  (Fig.  141.)  A  skiagram  is 
best  made  by  placing  the  patient  in  a  recumbent  or  semi-recumbent  posi- 
tion. The  sensitive  plate,  8x10  inches  (20x25 cm.),  should  be  placed 
directly  under  the  seat  of  the  injurj^,  as  low  as  the  os  calcis,  the  leg  being 
slightly  rotated  inward  to  prevent  superimposition  of  the  shadows  of  tlie 
tibia  and  fibula.  The  tube  should  be  about  20  inches  (50  cm.)  distant 
from  the  plate.  The  time  of  exposure  varies  between  10  and  20  seconds. 
When  the  fracture  is  longitudinal,  without  displacement,  the  antero-pos- 
terior  view  may  fail  to  reveal  the  presence  of  fracture ;  in  such  a  case,  it 
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18  imperative  that  a  lateral  view  should  be  taken,  with  the  sasi>ect'ed 
Hide  next  to  the  plate.  A  fracture  box  should  be  employed  to  secure 
immobilization. 

Epiphyseal  separation  and  malleolar  and  supramalleolar  fractures 
must  not  be  confounded  with  Pott's  fracture. 

Dislocations  of  Hip  ankle  present  nothing  characteristic  and  there- 
fore require  no  special  technic.  They  should  be  examined  in  both 
positions. 

The  Le(j  (Middle  Third).     (Figs.  142,  143.) 

Fractures, — When  making  an tero- posterior  and  lateral  skiagrams  in 
this  region,  prevent  the  shadow  of  the  tibia  superimposing  upon  that  of 
the  fibula,  or  vice  versa. 

The  Knee-Joixt. 

Fractures, — Complete  transverse  fracture  of  the  tibia  in  its  upper 
third,  fracture  of  the  tuberosity,  and  traumatic  epiphyseal  separation  of 
the  upper  end  of  the  tibia,  are  readily  discerned  by  the  X-rays. 

The  knee-joint  should  be  examined  from  two  views,  either  the  antero- 
posterior or  the  lateral.  A  fluoroscopic  examination  of  the  knee-joint  is 
rather  unsatisfactory  except  in  ankylosis.  Gliding  movements  of  the 
various  ligaments  and  patella  may  be  studied,  and  severed  ligaments  can 
often  b(^  detected.  In  osseous  ankylasis  the  articular  plane  of  the  knee  is 
obliterat<Hl,  while  in  the  fibrous  form  there  is  usually  no  such  obliteration. 

In  making  autoro- posterior  skiagrams,  have  the  patient  on  his 
back,  with  the  head  and  chest  elevated,  the  extremity  of  the  foot  fixed 
nesting  upon  an  exti^nsion  of  the  operating  table,  or  tied  to  fracture  box. 
A  stMisit  ive  ])late  8  x  10  inches  (20  x  25  em. )  is  placed  against  the  posterior 
asj»eot  of  the  knee-joint,  with  the  tube  directly  over  the  patella.  The 
shadow  of  the  patella  is  usually  very  faintly  superimposed  upon  that  pro- 
duced by  the  lower  end  of  the  femur.  The  patellar  shadow  is  increased 
in  density  if  the  plate  is  placed  in  front  of  the  patella  and  close  to  it,  the 
rays  being  allowed  to  penetrate  from  l>ehind.  In  making  lateral  skia- 
grams the  patient  should  lie  upon  the  injured  side  with  the  fractured 
joint  slightly  Hexed,  the  other  leg  should  l>e  extended  or  fully  flexed  so  as 
not  to  interfere  with  pass;ige  of  the  rays.  Detachment  of  the  tubercle  of 
the  tibia  is  shown  in  Fig.  145. 

Fnwtuns  of  the  Patella  cFig.  144\ — In  transverse  fracture  of  the  pa- 
tella, the  lateral  tluorosct^pie  view  shows  the  separation  of  the  fragments. 
Stellate  and  fissured  fnuturos  can  only  In*  shown  by  a  skiiigraph  taken  in 
tht»  postero-anterit»r  ]H>sition.  The  patient  should  lie  face  down,  with  the 
tuU»  behind  the  joint  and  the  plate  \uu\vr  the  patella.  The  sesamoid 
l>»»n»'s  y:ive  dislinet  shadows  and  Hoatinir  or  loos**  bodies  are  often  detecti-d. 
IVtaeht^l  eartilages  are  very  diftienlt  (an<l  often  inipossible'i  to  skiagraph. 
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The  Femur  (Middle  and  Lower  Thirds). 

Fractures, — Fractures  of  the  shaft  of  the  femur  are  common.  In 
children  the  injury  is  usually  transverse  with  little  or  no  displacement, 
while  in  adults  it  is  usually  oblique  with  much  displacement.  In  making 
skiagrams  of  the  shaft,  two  plates,  in  exactly  opposite  directions,  should 
be  taken.  Fractures  of  the  lower  third  of  the  femur  are  easily  diagnosed 
by  the  X-rays. 

The  Hip-Joint. 

Fractures, — Fractures  of  the  upper  end  of  the  femur  are  divided  as 
follows  :  (1)  intracapsular,  (2)  epiphyseal  separation,  (3)  extra-capsular, 
(4)  fracture  of  the  trochanters,  (5)  isolated  fracture  of  the  trochanter 
major,  and  (6)  fracture  of  the  upper  portion  of  the  shaft  immediately 
below  the  trochanters. 

Fluoroscopic  examination  of  the  hip-joint  in  children  is  usually 
satisfactory,  but  the  thickness  of  the  tissues  makes  it  unsuited  for  adults. 
At  best,  skiagraphy  of  the  adult  hip-joint  is  troublesome,  especially  if  the 
subject  is  very  corpulent  and  the  part  painful. 

The  technic  is  as  follows :  Have  the  patient  fully  extend  the 
leg  of  the  injured  side.  If  this  is  impossible,  place  a  pillow  under  the 
partially  flexed  knee.  Place  two  superimposed  plat^  10  x  12  inches 
(25  X  30  cm.)  or  11  x  14  inches  (28  x  35  cm.),  under  the  hip,  which 
should  extend  from  the  iliac  crest  and  project  two  inches  from  the  outer 
aspect  of  the  leg.  The  tube  should  be  placed  directly  over  the  head 
of  the  femur,  and  from  20  to  25  inches  (50-63  cm.)  from  the  plate.  If 
the  foot  is  inverted  or  everted  from  the  injury,  do  not  correct  it.  Guard 
against  tremors  by  the  use  of  a  pillow,  sand-bags,  bandages,  or 
suspended  weights. 

It  is  often  valuable  to  take  both  hip-joints  at  the  same  time  for  com- 
parison. For  this  employ  either  a  large  plate  that  will  include  the 
shadows  of  both  hips  or  two  smaller  plates  touching  side  by  side.  Adjust 
the  tube  to  the  median  line  at  a  distance  of  more  than  20  or  25  inches 
(50-63  cm.),  the  anode  pointing  to  the  pubic  symphysis,  remembering 
that  this  i)osition  will  require  a  longer  exposure.  It  must  never  be  for- 
gotten that  certain  positions  of  the  foot  will  cause  the  neck  of  the  femur 
to  assume  varying  angles,  shapes,  and  lengths  to  the  acetabular  cavity,  and 
that  the  shape,  distance^  and  position  of  the  lesser  trochanter  will  change 
its  relation  to  the  descending  ramus  of  the  pubis.  To  convince  others 
of  the  correct  interpretation  of  the  negative,  employ  as  a  confirmatory 
measure  a  simultaneous  skiagraph  of  both  hip-joints,  previously  securely 
binding  the  feet  and  ankles  in  the  vertical  position,  thus  placing  the 
necks  of  the  femora  in  identical  positions,  or  take  another  without  tying 
the  feet,  and  let  the  feet  occupy  their  actual  positions  in  order  to  show 
the  diflference.     As  very  fine  detail  work — i,  e„  the  structural  texture  of 
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the  femur — must  especially  be  brought  out,  it  is  apparent  that,  if  this 
sharpness  of  definition  is  lacking,  an  impacted  or  fissure<l  fracture  might 
easily  escape  detection. 

In  doubtful  and  obscure  cases,  advantage  is  gained  by  making  another 
skiagram  in  the  ventral  position  ;  because  of  the  thickness  of  this  region, 
the  time  of  exposure  is  lessened  by  using  the  intensifying  screen,  which 
sacrifices,  however,  the  fine  details.     I  therefore  do  not  recommend  it. 

Anteroposterior  fractures  of  the  acetabulum  can  readily  be  skia- 
graphed,  but  stellate  fracture  is  extremely  difficult  to  determine.  Skia- 
grams of  impacted  fractures  of  the  neck  of  the  femur  do  not  present  the 
usual  light  lines.  The  fracture  can,  however,  be  diagnosed  by  the  short- 
ening, and  the  slight  irregularity  in  the  size,  shape,  and  angle  of  the  neck 
of  the  femur. 

The  osseous  ridge  running  between  (intertrochanteric  ridge)  the  tro- 
chanters posteriorly,  usually  gives  a  light  line  on  the  negative,  which  must 
not  l>e  mistaken  for  fracture.  In  the  fracture  at  the  base  of  the  neck, 
the  angle  diminishes  from  the  normal  to  90°  or  less.  An  incomplete, 
intertrochanteric  fnicture  is  well  shown  in  Fig.  146. 

Chemical  intensification  of  a  negative  defines  the  osseous  tissue  more 
clearly,  but  as  the  detail  of  the  soft  structure  is  thereby  diminished,  a 
second  exposure  is  preferable,  if  possible. 

A  satisfactory  negative  should  clearly  differentiate  the  head  and 
neck  of  the  femur  and  the  hip  bones.  If  not  sufficiently  dense,  the 
lines  and  shadows  indicative  of  fracture  will  not  be  visible.  The 
t(*ndency  in  making  these  negatives  is  to  over  expose,  but  better  results 
are  obtained  by  using  a  tube  of  high  penetrability,  with  an  electrolytic 
interrupter. 

I)islocatio7is, — Congenital  dislocation  of  the  hij)  in  ciiildren  (Figs.  147 
and  14S)  can  l)e  well  demonstrated  by  skiagrams,  showing  the  presence  or 
absence  of  the  ring  of  the  acetabular  cavity,  the  depth  of  the  acetabulum 
the  position,  shape,  and  situation  of  the  head  of  the  femur.  I  have  made 
studies  of  a  series  of  ctuses,  before  reduction,  after  reduction  through  the 
cast,  and  after  removal  of  the  cast,  in  the  service  of  Professor  Adolf 
Lorenz  during  his  recent  visit  to  this  country,  and  they  proved  to  be  very 
suitable  and  interesting  from  a  stereo-skiagraph ic  stand-point. 

Pathological  dislocations  (.Figs.  149  and  150)  the  result  of  tuber- 
culosis, osteo-arthritis,  Charcot's  diseiuse,  etc.,  are  e;isily  skiagniphed  in 
the  manner  outlined  under  fractures.  In  pathological  dislocations  the 
head  and  neck  of  the  bone  are  absent,  as  in  cases  of  epiphysitis. 

Tm:  Os  Innominata,  SAciirM,  and  Coccyx. 

FracturcH, — The  clinical  diagnosis  of  fracture  of  the  x)elvis  can  only 
be  made  when  the  separation  of  the  bones  is  marked  or  when  displace- 
ment is  considerable.     When  only  sli«;ht  separation  exists,  the  X-rays 
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are  of  great  diagnostic  aid,  as  the  contour  of  these  bones  is  very  irregular 
and  the  rays  must  traverse  great  density  of  structure.  Fractures  of  the 
pelvic  bones  are  divided  into  those  in  which  the  individual  parts  are 
fractured  and  those  in  which  the  pelvic  rim  is  broken. 

In  skiagraphing  the  pelvis  the  patient  must  assume  the  ventral  and 
dorsal  decubitus  positions.  In  a  skiagraph  of  the  sacro  coccygeal  region 
the  tube  should  be  placed  over  the  umbilicus  so  that  the  shadow  of  the 
pubic  symphysis  will  not  overlap  the  shadow  of  the  sacrum  or  coccyx. 
The  rectum  should  be  emptied  by  an  enema  prior  to  the  examination. 

The  ilium,  ischium,  and  the  pubes  can  be  skiagraphed  in  the  above 
manner,  with  slight  modifications  in  the  relation  of  the  tube,  the  part, 
and  the  plate. 

The  Spinal  Column. 

For  the  sake  of  conveniently  studying  the  spinal  column,  it  is  divided 
into  the  cervical^  dorsal^  and  lumbar  regions. 

The  cervical  region  is  best  skiagraphed  in  lateral  view.  Complete 
fracture  of  the  cervical  vertebrae  can  easily  be  shown  in  skiagrams,  but 
incomplete  fracture  is  detected  with  great  difficulty.  In  my  experience 
I  have  found  the  fifth  and  sixth  cervical  vertebrae  are  most  frequently 
fractured.  To  demonstrate  a  fracture  or  dislocation,  skiagrams  should  be 
taken  in  the  lateral  and  the  antero-posterior  position.  Recently  I  had 
two  cases  of  old  fracture-dislocations  of  the  fifth  cervical  vertebra,  and 
the  patients  are  still  alive.  I  have  had  four  cases  of  fracture  of  the 
cervical  vertebrae. 

Skiagrams  of  the  dorsal  region  are  somewhat  indistinct,  due  to  the 
superimposition  of  shadows  cast  by  the  liver,  heart,  sternum,  and  ribs. 
I  have  had  four  fractures  of  the  second  and  eleventh  dorsal  vertebrae. 
The  best  definition  is  obtained  from  the  young  and  those  of  slender  build. 
In  thin  persons  antero-posterior  dislocations  may  be  shown  by  taking  the 
skiagram  in  the  lateral  view.  Of  course  distortion  will  be  exaggerated 
on  account  of  the  distance  between  the  plate  and  the  vertebrae. 

Experience  proves  that  the  obstacles  encountered  in  making  skiagrams 
of  the  vertebral  column  are  numerous.  Thus,  the  peculiar  anatomical  ar- 
rangement in  this  locality,  the  projecting  and  irregular  processes  from  each 
vertebra,  and  tlie  impossibility  of  obtaining  the  desired  relations  between 
the  tube,  the  part,  and  the  plate,  make  this  procedure  a  most  difficult  one. 
The  dorsal  decubitus  should  be  selected  for  examining  all  regions  of 
the  spine ;  but  the  tube  should  be  placed  at  varying  positions,  and  in 
this  way  the  shadow  of  the  sternum  will  be  lessened  in  the  doi'sal  region. 
This  technic  answers  for  the  dorsal  vertebrfe,  but  the  upper  six  cervical 
should  be  taken  in  the  lateral  view.  Only  one  region  of  the  spine 
can  be  skiagraphed  at  a  time.  In  order  to  obtain  the  intni-articular 
spaces  clear  and  distinct,  it  must  not  be  forgotten  that  the  alimentary 
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canal  should  be  well  Qleanaed  previondy.  The  n^atiTe  imist  tie  exit^- 
cientlr  dense  to  bring  ont  strongly  and  sharply  the  shadow  ol'  i-ucii  verte- 
bra with  its  procenee.  If  this  cannot  be  obtained,  lesort  most  be  made 
to  chemical  ictensification. 

The  teclmio  employed  for  tbe  lumbar  region  is  in  erery  way  identical 
with  the  teohnio  employed  in  renal  skiagraphy  (side). 

The  Bibs  and  STEBNCtM. 

Fractures  of  the  stemam  are  beet  examined  by  skiagrsj^tng  in  tbe 
Tmtral  position.  The  ribs  can  be  examined  t^  the  flnoroeoope  in  difller- 
ent  directions.  The  dorsal  and  ventral  views  will  reveal  tlie  ftaotons 
and  even  slight  flasnree,  bat  difficnlty  is  enooantered  at  the  angles  of  tbe 
ribs,  becaose  of  the  difficnlty  in  approximating  the  plate,  and  the  neoea- 
sity  of  the  rays  traversing  diagonally  the  thickness  of  the  body,  and 
beoaose  of  the  respiratory  movements. 

The  negative  dearly  reveals  the  presence  of  displacement.  A  alight 
flasnred  fraotore  may  often  escape  detection.  Care  shottld  be  taken  not  to 
oonfnse  the  costo-sternal  and  oosto-vertebral  articnlatlons  with  fhujtores. 
It  most  not  be  forgotten,  in  this  oonoectioD,  that  the  cartilages  are  tnus- 
paient  to  the  rays.  Fractnre  of  tbe  ends  of  the  floating  ribs  may  be  de- 
tected. The  exposnre  most  be  abort,  and  made  preferably  at  the  end  of 
a  prolonged  inspiration,  the  patient  holding  his  breath  for  five  or  ten 
seconds.  Zinc-oxide  adhesive  plaster,  if  oniformly  applied  over  tbe  ea- 
tire  chest,  immobilizes  the  part  and  aids  tbe  skiagiapher,  but  a  few  sblps 
applied  for  this  pnrpose  may  confbse  tbe.  pictote  on  the  negative  by 
casting  shadowa,  in  conjunction  with  those  of  the  ribs. 

Do  not  mistake  the  various  grooves  or  prominences  in  the  riba  for  a 
fracture. 

V.  Diseases  of  the  Osseous  System. 

As  the  osseous  8yst«m  is  largely  composed  of  mineral  matter  (cal- 
cium phosphate),  the  X-rays  in  their  pa&Siige  must  suffer  a  marked 
absorption  and  their  progress  meet  with  great  obstruction,  causing 
decreased  oxidation  on  tbe  plate,  and  offering  white  shadows  on  the 
negative,  thos  greatly  facilitating  its  study.  Some  think  that  the  rays 
throw  merely  a  shadow  or  silhouette  of  the  bone  on  the  plate,  but  the 
fallacy  of  this  view  ia  apparent.  In  studying  the  photograph  of  the 
humerus,  for  example,  we  see  the  superimposition  of  various  strata  of 
different  densities ;  the  compact  portion  appears  denser  than  the  medul- 
lary, because  the  rays  in  the  former  must  traverse  more  osseous  structure. 
In  the  medullary  portion  the  negative  gives  a  darker  appearance,  because 
the  rays  are  only  compelled  to  pass  through  two  layers  of  boue,  the 
medullary  canal  intervening.  Ridges  apijear  whiter,  and  fossfe  darker, 
than  the  medullary  portion,  due  to  increased  density ;  foraminee  show 
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as  dark  spots,  while  bony  canals  offer  dark  lines  on  the  negative.  Articu- 
lar cartilages  being  transparent  to  the  rays,  and  likewise  the  epiphyses, 
the  shadows  cast  will  be  dark. 

A.  Pathological  Conditions. 

Any  pathological  condition  either  in  the  organic  or  inorganic  con- 
stituents will  offer  a  corresponding  change  in  the  shadow  thrown ;  the 
diseased  portion  of  bone  will  cast  a  shadow  lighter  or  darker  than  the 
surrounding  healthy  osseous  tissue,  and  likewise  of  the  same  bone  of  the 
opposite  side.  In  skiagraphing  osseous  tissue,  care  should  be  taken  to 
ascertain  the  presence  of  diseased  conditions  of  surrounding  soft  parts, 
such  as  an  effusion,  cyst,  tumor,  etc,  as  their  presence  might  produce  a 
dense  shadow  that  could  be  interpreted  as  belonging  to  the  bone.  To 
corroborate  the  diagnosis,  a  skiagram  of  the  corresponding  part  should 
be  taken,  with  exactly  the  same  technic,  as  diflferenc/e  in  the  position  of 
the  plate,  the  tube,  and  the  part  might  cause  a  difference  in  the  definition, 
shape,  and  size  of  the  shadow  produced.  When  possible,  expose  both 
parts  simultaneously. 

Acute  and  Chronic  Periostitis  and  Osteomyelitis, — Periostitis  is  charac- 
terized by  the  presence  of  a  fusiform  thickening  of  the  periosteum. 
This  must  not  be  mistaken  for  bony  irregularities. 

Osteitis  (osteo- myelitis)  is  marked  by  an  increase  in  shadow  density. 
(Figs.  151,  152.)  Eight  or  ten  days  after  the  injury  suppuration  occurs, 
and  about  the  twelfth  day  disintegration  of  bone  tiikes  place,  resulting 
in  the  production  of  a  lighter  shadow.  Later,  the  skiagraph  of  a 
sequestrum  will  be  revealed. 

Tuberculosis  of  Bone, — This  affection  is  characterized  by  numerous 
white  irregular  spots  which  have  a  natunil  tendency  to  coalesce.  The 
shadow  cast  will  be  lighter  than  that  of  the  normal  bone,  l>ecause  the 
rays  traverse  less  density,  due  to  caseation  and  fibrous  tissue  formation. 
(Fig.  153.) 

8f/philis  of  Bone. — In  syphilis  of  the  bone,  two  conditions  are  en- 
countered,— the  occurrence  of  rarefaction  or  an  absorption  of  the  com- 
pact bony  structure,  and  a  sclerosis,  with  an  increase  in  density  of  the 
bone  affected.  The  infected  gummatous  portions  of  the  bone  cjist  a 
lighter  shadow  than  does  the  normal  bone.  When  eburnation  occui-s  the 
shadow  cjist  will  be  darker,  but  the  density  of  the  shadow  will  not  be 
uniform,  an  irregular  thickening  encroaching  upon  the  medullary  canal 
being  evidenced.  In  the  adult  this  condition  is  differentiated  with 
difficulty  from  the  thickening  resulting  from  a  chronic  osteitis  and 
periostitis,     (Fig.  154.) 

Hypertrophic  deforming  osteitis  ( Paget' s  disease)  presents  a  hyper- 
trophy of  the  compact  tissue,  manifesting  a  very  dense  shadow. 

I/eprosy, — Among   the   various    bone    lesions,   transparency   of  the 

IS 
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digital  phalanges  is  most  freqaent  This  transparency  is  very  pro- 
nonnced  in  the  distal  phalanges,  though  it  may  be  equally  so  in  the 
others. 

Acromegaly. — This  affection  may  be  more  thoroughly  understood  by 
a  careful  investigation  into  the  bony  x>eculiarities  of  the  skull.  A  great 
prominence  of  the  external  occipital  protuberance,  an  irr^ular  thick- 
ening of  the  cranial  parietes,  the  over-development  of  the  frontal  sinuses 
and  mental  eminence,  as  well  as  the  marked  hypertrophy  of  the  sella 
tui-cica,  make  this  means  of  diagnosis  of  incalculable  benefit.  The 
shadows  of  the  phalanges  show  the  epiphyses  to  undergo  an  enormous 
hypertrophy  and  deformity,  and  to  offer  no  obstruction  to  the  rays. 

JKichets. — In  this  disease  the  bone  appears  shorter  than  normal^  the 
diaphysis  slender,  the  epiphyses  enlarged,  and  the  line  of  calcification 
presents  an  irr^ular  appearance.  The  delay  in  the  process  of  ossification 
can  be  accurately  determined. 

Cretinism, — In  this  affection  there  is  supi)08ed  to  be  a  premature 
union  of  the  epiphysis  and  the  diaphysis,  resulting  in  an  arrested  growth 
of  the  bone. 

Langhans  and  von  Wyss'  found  that  there  is  no  hint  of  premature  os- 
sification in  cretins  and  cretinoids,  but  a  late  development  of  the  centres  of 
ossification  occurs,  and  consequently  at  or  after  the  age  of  development., 
the  epiphyses  show  a  delayed  union  ;  this  delay  in  the  process  of  ossifica- 
tion, as  compared  with  the  normal  individual,  is  of  a  few  years  only.  The 
lK>nes  of  the  hand  are  the  last  to  ossify.  Hoffmeister,  in  treating  a  cretin, 
obs<*rve(l  skia<;raphically  that  when  the  child  was  trcnited  with  thyroid 
extract,  the  bones  under  examination  grew  4  em.  in  four  months,  equiv- 
alent to  12  cm.  iu  a  year,  in  comparison  with  the  normal  growth  of 
G  cm.  aniiuallv. 

« 

(jHtronudacia, — In  osteomalacia  the  shadows  of  the  bones  will  be 
transparent,  and  jls  the  disease  procuresses  there  will  be  a  complete  ab- 
MMice  of  these  sliadows. 

XcrroHiHand  curies  are  characterized  by  transparent  shadows,  and  irreg- 
ularity in  the  contour  and  texture  of  the  bone.  (Fig.  155.  j  Far  advancinl 
ca.ses  will  not  ca.st  a  shadow.  Skiagraphy  of  the  sequestra  is  of  marked 
s<*rvice  to  the  surgeon,  inforniing  him  of  their  location,  number,  and  i*e- 
lations  to  the  bone  itself  and  whether  they  are  still  adherent  or  exfoliated. 
Avoid  the  snj)eriniposition  of  their  shadows  with  those  of  the  bones. 

I).  Ti'M<)i:s  OF  Bones. 

Skiagraphy  enables  us  to  determine  if  a  neoplasm  is  connected  with 
tli(»  coni[)act  or  cancellous  portion  of  tlie  bone,  or  if  it  is  connected  with 
the  hone  at  all.  Thus,  the  growth  might  be  a  cyst  or  a  myoma  that 
clos^'ly  simulates  an  osteoma,  an  osteosarcoma,  etc. 

'  Fortsrhritte  a.  d.  ( Jeb.  d.  lu.ntp'iistr..    W.  iii.,  l^*n>-190(). 
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Fio.  151,— Chronic  uileltla  wdh  elwiniBlloii,  uf  Iniilenled  hy  the  imim.     (Cmc  of  Dr.  U,  P.  Dlcki.'ion.) 


Flo.  IM.— 'Sfphllttlc  osteitis  of  ihc  nulLuB. 


fliy>*,\l)  .Jut  lu  Hii  Ul-niUne  ahoe:  but  the  X-ntyi 
iibBon'tion,  Inilk'tLLeil  by  I.  Tlie  leTI-hand  pietura 
of  [lie  eplphysli  of  Ihe  niberortly  of  (he  cat 
«  cuIqIs;  i,  tut  (dark  nn  tbo  nctmllvc) :  6,  ICDdo  Achlllli:  7,  uiiiaplei; 
«r«h:  C,  mbolil;  S,  w:ji|.liii1<l;  V.  ntth  metBlnruJ.  (P»tJeul  Under 
V  of  I'hiMi'lptiiik  ItuHplUl.) 


.rylhiunb.    (Cue  of  Pr.  (;eiir>-r;  M.  nojril.) 


Fin.  IM.-innp^rllfll  mulHr'lepxotWuwt    (C!iL«B<if  fr.  I.  P.  Muin.) 
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Osteo-sarconia,  like  all  osseoas  growths,  may  be  of  the  periosteal  or 
medullary  variety. 

In  periosteal  sarcanva^  the  growth  may  be  observed  to  start  laterally, 
but  later  to  completely  encircle  the  bone. 

In  the  early  stage  the  medullary  form  may  be  easily  confused  with 
syphilitic  osteitis ;  in  the  latter  the  tendency  is  to  be  formation  of  clear 
spots,  that  later  become  multiple,  while  osteo-sarcoma  begins  with  a 
single  clear  spot,  becoming  gradually  enlarged ;  it  is  never  multiple. 

Metastatic  carcinoma  has  been  shown  by  Benedict  ^  to  affect  osseous  as 
well  as  the  softer  tissues.  A  patient  under  his  care  suffered  from  cancer 
of  the  kidney,  and  later  had  it  removed.  Four  years  subsequently, 
intense  pain  was  diagnosed  as  sciatica,  but  the  X-rays  revealed  a  meta- 
static carcinoma  of  the  last  lumbar  vertebra,  which  was  later  confirmed 
at  post-mortem.     Bone  cysts  can  also  be  detected. 

C.  Defokmities  of  Bones. 

Among  the  more  common  deformities  of  congenital  origin  are  super- 
numerary fingers,  or  the  absence  of  one  or  all  of  the  digits.  (Figs.  156, 
157.)  There  is  usually  either  a  second  little  finger  (the  most  frequent) 
or  a  second  but  smaller  thumb.  We  determine  if  the  additional  digit  is 
simply  tagged  on  by  the  skin,  or  if  a  distinct  and  completely  developed 
articulation  exists.  In  cases  of  supposed  giant  finger,  the  X-rays  will 
indicate  whether  the  bone  or  the  surrounding  tissue  has  undergone 
hypertrophy.  In  cases  of  syndactylism  the  skiagrapher  can  often  deter- 
mine whether  bone  itself  partakes  in  the  union.  Hammer-fingers  are  of 
interest  in  that  the  joint  itself  is  not  diseased,  there  being  only  a  con- 
traction of  the  ligaments  and  tendons,  as  may  be  demonstrated  by  the 
fluorescent  screen. 

Exostoses  show  the  normal  compact  and  cancellous  structures.  (Fig. 
158.)  There  is  an  overgrowth  of  the  normal  bone,  the  epiphyseal  line 
presents  a  darker  color,  and  from  its  margins  spring  peculiar,  hook-like 
osseous  projections. 

These  changes  produce  an  alteration  in  the  curvature  of  the  bone, 
with  atrophy  of  the  epii)hysis  and  arrest  of  the  development  of  the  dia- 
physis.  Frequently  a  union  of  the  bones  (synostosis)  occurs,  but  the 
growth  is  usually  partially  inhibite<l  in  one  of  them,  resulting  in  a  pecu- 
liar twisting,  readily  diagnosed  and  differentiated  from  rhachitis  and 
other  bone  diseases. 

Deformities  of  the  pelvis  and  pelvimetry  will  be  treated  of  in  the 
article  on  Obstetrics. 

Two  interesting  cases,  studied  by  Dr.  Charles  W.  Burr,^  of  congenital 
deformities  were  presumably  due  to  intrauterine  disease  of  the  spinal 

'  Wiener  klin.  Wochenschrift,  June,  1899. 

-Journal  of  the  American  Medical  AgHociation,  June  11,  1904. 
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cord.  (Fig.  159. )  Tlie  first  case  was  a  male,  fifty-five  yeai-s  of  age,  four 
feet  tall ;  head  and  skin  noruial,  no  anaesthesia,  sensation  i)n*served  all 
over  the  bo<ly  ;  the  reflexes  were  present.  The  legs  and  arms  were  de- 
formed, and  locomotion  was  prevented  by  weakness  of  the  muscles.  The 
epiphyses  of  the  bones  were  distinctly  abnormal,  and  the  skiagi-aph 
showed  marked  absence  of  lime  sjilts  in  the  bones  of  the  hands.  The 
other  case  was  that  of  a  man,  aged  twenty -three  years,  in  whom  the 
shoulders,  arm.s,  and  forearms  had  never  developed,  or  there  was  a  retro- 
gression of  development.  The  biceps  jerk  was  absent ;  there  was  no 
disease  of  the  bones  ;  there  was  very  slight  wasting  in  the  left  leg,  only 
det^KJtable  by  measurement.  Several  theories  had  been  advanced  as  to 
the  cause  of  the  condition,  among  others,  bilateral  brachial  palsy  from 
birth,  malposition  in  utero,  etc. ;  but  the  author  was  inclined  to  believe 
that  possibly  the  patient  had  disease  of  the  anterior  horns  of  the  spinal 
cord  in  utero. 

Diseases  and  Deformities  of  the  tSpinal  Column. — The  more  common 
pathological  spinal  curvatures  are  scoliosis,  kyphosis,  and  lordosis. 

In  scoliosis  the  patient  should  assume  the  dorsal  decubitus  posi- 
tion. A  skiagram  of  the  kyphotic  patient  is  difficult,  because  the 
plate  cannot  be  properly  approximated  upon  the  part,  necessitating  a 
lateral  view  with  the  patient  on  his  side.  This,  however,  will  not 
afford  a  very  sharp  definition  of  the  shadow,  as  the  plate  is  too  distant 
from  the  part. 

The  Kiime  difficulty  is  encountcro<l  in  lordosis  ;  conse<iuently  in  these 
Ciis*\s  the  lateral  view  must  likewise  he  employed. 

ToiiicoUis.  —When  the  deep<'r  muscles  are  diseased,  it  not  iufi'e- 
quently  happens  that  caries  of  the  cervical  vertebne  coexists.  Its  pi'es- 
ence  may  be  verilied  by  a  skiagram  in  both  the  antero-posterior  and 
lateral  views. 

Potts  Diaensr. — It  is  dillicult  to  differentiate  tli<'  early  stages  of  Pott's 
diseas(i  from  intercostal  neuralgia,  renal  dis(*ase,  emi)yema  with  subdia- 
phragmatic abscess,  etc.;  but  the  skiagnini  will  show  the  bodies  of  the 
vertebrui  and  the  interarticular  si)accs  to  i)ossess  a  denser  shadow  than 
normal.  In  advanced  easels  the  disintegrated  osseous  tissue  will  present  a 
dark,  dense,  irregular  shadow.  Place  the  patient  in  the  dorsal  decubitus 
position,  have  him  Ilex  the  knees  so  iis  to  straightiMi  the  spine  as  far  as 
possible  and  thus  bring  it  in  closer  relation  with  the  plate.  The  above 
description  applies  to  any  region  of  the  si)ine.  Dark  shadows  in  the 
right  iliac  fossii,  oft(^n  due  to  the  accumulation  of  gases  in  the  colon, 
must  not  be  mistaken  for  necrosis  of  bone. 

Amputation  Stumps. — The  process  of  healing  can  be  systenmtically 
followed  in  cases  of  amputation  stumps,  by  noting  the  existence  or  ab- 
S(*nce  of  a  fine  layiM-  of  compact  lK)ny  tissue,  covering  the  medullary  canal, 
and  thus  the  i)r(*sence  of  a  seciuestrnm,  interfering  with  the  healing,  can 
likewise*  l)e  det<*cto(l. 


Fia.  159.— OelaTKO  OsBtFtCATtos  or  THK   EnraviEB.—l^llenl  SS  yean  ol 
w«lli  dnce  chlldhiiud  nnU  had  been  in  the  hospital  moro  than  BO  yean 
Dt.  BniT  of  the  Phlladttlphla  Huspllal  belii'vea  Ibe  deformitleii  lo  he  ciiiigcnital  Bnd  due  to  dtnouio  ol  the  spl 
dw&lch  deviiloped  during  tfeWl  life.    The  ej^phyital  end*  of  the  femora,  tiblm,  and  Bhulm  look  sponfiy  (i 
""  Articular  BUrfaoei  Irregular,  holies  betii  and  pervloui  to  thu  r»y».     The  I'plphysoal  li 
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Resection  of  Joints. — Before  I'esecting  ji  joint,  the  rays  will  determiue 
the  exact  character  of  the  aflfection,  and  their  application  after  the  wound 
has  been  dressed  will  inform  the  operator  if  the  bones  are  in  the  best 
possible  position. 

Regeneration  of  Bone. — After  removal  of  a  portion  of  bone,  the  peri- 
osteum being  left  intact,  the  formation  of  new  bone  may  be  carefully 
observed,  and  the  surgeon  can  often  determine  if  the  proper  amount  of 
osseous-forming  structure  has  been  deposited. 

VI.  Diseases  and  Tumors  of  the  Soft  Tissues. 

Tumors  of  the  soft  tissues,  being  only  slightly  opaque  to  the  X-rays, 
are  skiagraphed  with  great  difficulty,  owing  to  the  surrounding  struct- 
ures having  very  nearly  the  same  density.  For  this  purpose  we  employ 
a  hard  tube  with  a  short  exposure,  avoiding  over-exposure  and  super- 
imposition  of  the  shadow  of  the  bone.  This  may  also  be  accomplished 
by  diluting  the  developer  and  producing  a  soft  negative  full  of  details, 
or  by  an  under-developed  negative.  The  detection  of  the  presence  of  a 
tumor  by  a  skiagraph  will  be  dependent  largely  upon  the  location,  size, 
and  consistency,  and  the  technic  employed. 

In  the  order  of  the  density  of  shadows  cast,  tumors  may  be  arranged 
as  follows : 

Ha^niatomata  and  Abscesses, 
Mvomata, 

Enchoiidromata, 
Lipomata, 

Fibromata, 
Sarcomata, 

Carcinomata. 

ffcetrmtomaia. — The  blood  contained  in  a  hfematoma  is  more  opaque  to 
the  rays  than  the  surrounding  tissue ;  hence  the  shadow  cast  will  be 
darker.  Hiematomata  may  be  differentiated  from  abscesses  by  the  fact 
that  the  former  present  a  greater  density,  especially  when  the  blood  is 
coagulated. 

Abscesses  cast  dark  shadows  on  the  negative,  but  not  to  so  great  a 
degree  as  do  the  hfematoniata.  In  the  extremities  they  are  easily  diag- 
nosed, but  in  the  abdominal  cavity  or  cninium  they  are  differentiated 
from  other  growths  with  great  difficulty.  Thus,  during  the  past  year  I 
encountered  many  obstacles  in  skiagraphing  a  condition  at  the  Phila- 
delphia Hospital  that  resembled  appendicitis,  subphrenic  and  hepatic 
abscess.  The  negative  revealed  a  diffused  white  spot  in  the  position 
of  the  lower  region  of  the  liver.  Dr.  Joseph  Hearn  confirmed  the 
diagnosis  by  operation.  Dr.  George  Pfahler  has  recently  reported 
to  the  Philadelphia  County  Medical  Society  the  taking  of  a  successful 
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skiagram  of  a  subphrenic  abscess.  In  January,  1905,  I  diagnosed  skia- 
graphically,  at  the  Philadelphia  Hospibil,  a  supposed  hepatic  abscess, 
but  at  a  subsequent  operation  Dr.  Ernest  Laplace  proved  the  affection  to 
be  canceroiLs. 

Preutz,  of  Jena,  in  a  study  of  234  hepatic  abscesses,  speaks  com- 
mendably  of  the  great  value  derived  from  radioscopy.  Myomata  and 
fibromata  are  most  difficult  to  skiagraph,  especially  in  the  uterus,  where 
superimposition  of  the  shadows  of  the  pelvic  bones  interferes  with  a 
differentiation  of  the  tumor  from  the  surrounding  tissues.  Their  shadows 
will  be  easily  recognizable  when  the  neoplasm  is  large,  but  manual  palpa- 
tion will  detect  this  quite  as  readily  as  the  skiagrapher  can  assert  the 
presence  of  this  condition.  It  is  worthy  of  mention  that  skiagraphs  can 
frequently  detect  the  presence  of  myasitis  ossificans. 

Ervchondroniata,  being  cartilaginous  tumors,  are  difficult  to  skiagraph 
because  of  their  tninsparency  to  the  rays.  When  the  phalanges  are  thus 
affected,  the  condition  is  clearly  presented  on  the  negative. 

TAjyomata  are  differentiated  from  solid  and  cystic  tumors  by  their 
throwing  a  lighter  shadow,  because  fat  is  less  opaque  to  the  rays  than 

the  above  nameil  neoplasms. 
X-ray  diagnosis  between  a 
chronic  abscess  and  a  liponm  is 
quite  as  difficult  as  is  the  differ- 
entiation bv  clinical  means. 

Sarcomata  and  carcinoinata 
cannot  be  differentiated  bv  their 
ski;igrax)hic  appearance.  They 
both  cast  equally  dense  shadows. 
TnmorH  of  the  Brain. — The 
dillicultie^  encountered  in  diag- 
nosing skiagraph ically  cerebral 
neoplasms  are  due  to  the  super- 
imposition  of  the  shadows  of  the 
tumor  and  the  bony  vault,  the 
softened  consistency  of  the  path- 
ological condition  present,  the 
distance  of  the  shadow  from  the 
plate  occasioned  by  the  arching 
cont(mr  of  the  skull,  and  the 
production  of  secondary  rays 
due  to  the  marked  densitv  of 
this  particular  region.  Formerly  I  employed  the  photographic  plate; 
more  recently  1  use<l  a  board  made  in  two  sections  that  slide  ui)on  a  base. 
(Fig.  100.)  The  boards  are  hollowed  out  to  conform  to  the  curvature  of 
the  skull,  and  may  be  so  adjusted  as  to  widen  the  concave  excavation,  and 
thus  accommodate  anv  size  of  skull.     In  this  cavitv  is  placeil  a  double 


Fl<;.  IGO— AlTHnH'.^  Hi:aI>  liKsT.— F  K.  t\«-xi- 
ble  photographic  lilm,  c«>nformin>,'  t<>  the  shaiK)  of 
tlie  .skull  iind  employed  for  ItK'atinjj:  forcijzn  Ixxli^'s. 
etc.,  ill  the  brain.  A  h-iul  wire  is  run  fn>m  the  k'!a- 
Ix'lhi  to  the  inion  and  ulso  over  the  iMjsition  of  the 
tisBure  of  Uolando. 
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coated  gelatine  film,  and  the  patient's  head  is  accurately  accommodated 
to  the  shape  of  the  cavity.  This  also  insures  steadiness  of  the  part,  so 
verj^  important  in  this  difficult  procedure.  Localization  can  be  mapped 
out  by  placing  metallic  wires  over  anatomical  landmarks. 

The  use  of  a  compression  diaphragm,  for  preventing  the  production 
of  secondary  rays,  is  largely  in  vogue  in  Germany,  and  has  lately  become 
popular  in  America,  but  this  is  undesirable,  as  the  area  skiagraphed  is 
too  small  to  allow  of  definite  and  logical  conclusions. 

The  diagnostic  value  of  the  X-rays  in  neoplasms,  al>scesses,  clots, 
etc.,  is  less  than  in  instances  of  the  presence  of  foreign  bodies.  Extended 
literature  on  the  subject  is  yet  to  be  written. 

Dr.  Pfahler*  gives  an  interesting  account  of  a  case  of  brain  softening 
occurring  in  the  service  of  Dr.  Charles  W.  Burr.  **This  case,"  he  says, 
'*  was  one  of  thrombosis  of  the  mid-cerebral  artery,  with  cystic  degenera- 
tion, and  causing  aphasia  and  hemiplegia.  The  examination  was  made 
post  mortem.  The  brain  was  replaced  and  the  skull  and  scalp  closed.  I 
then  made  a  negative  of  the  affected  side  and  also  of  the  opposite  side, 
because  I  believed  that  possibly  the  normal  side  could  be  compared  with 
the  affected  side.  This  case,  however,  demonstrated  that  this  cannot  be 
relied  upon,  for  the  lesion  was  shown  upon  both  negatives,  but  with  much 
more  definite  outline  on  the  affected  side.  The  skiagraph  showed,  above 
the  cerebellum  and  petrous  portion  of  the  temporal  bone,  a  light  area 
which  corresponded  exactly  with  the  outline  of  the  area  of  degeneration. 
This  skiagraph  showed,  also  remarkably  well,  the  convolutions  of  the 
cerebellum. 

''The  second  case  was  also  one  of  Dr.  Burr's,  in  which  an  irreg- 
ular area  of  degeneration  was  found  in  the  distribution  of  the  mid- 
cerebral  artery  and  which  had  caused  hemiplegia.  The  skiagraph 
showed  transparent  areas  which  corresponded  exactly  with  the  area  of 
degeneration.'' 

Dr.  Pfahler*  believes,  that  '*  we  should  be  able  to  show  in  the  skia- 
graph most  large  lesions,  such  as  new  growths,  softening,  hemorrhage, 
and  abscess,  but  that  we  should  never  take  the  responsibility  of  an 
operation  purely  upon  skiagraphic  evidence." 

Dr.  Church,  of  Chicago,'  records  a  case  of  cerebellar  tumor  in  which 
the  Eontgen  rays  were  used  by  Mr.  W.  C.  Fuchs.  Skiagraphs  of  the 
tumor  were  obtained.  At  the  autopsy  a  highly  vascular  gliomatous  tumor 
was  found,  the  tumor  being  the  seat  of  several  old  and  recent  hemor- 
rhages, and  also  of  a  recent  clot  of  considerable  size. 

Obici  and  Ballici*  demonstrated  the  presence  of  a  tumor  in  a  boy 
who  died  of  brain  tumor,  the  experiment  being  performed  post  mortem. 

*The  American  Journal  of  the  Medical  Sciences,  December,  1904. 

'Ibid.,  December,  1904. 

»Ibid.,  February,  1899. 

*Ri vista  di  Patholog.,  October,  1897,  cited  by  Church. 
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T)j^'  al«^^  eipf^hmeuied  with  tumors  of  different  kin^ls  placed  in  the 
l>nia*  of  csK^lavers.  and  were  in  some  instances  able  to  obtain  localizing 

^>I>penheiai.'  in  reviewing  the  sobject  of  brain  tnmors,  remarks  that 
hi*  axtempt^  with  the  X-rays  for  diagnostic  purposes  were  unsuccessful, 
aJthoogh  he  was  enabled  to  determine  that  a  tumor  placed  within  the 
cranium  up^m  the  brain  was  distinctly  noticeable. 

TanorxiMt  and  Mc<\irty  *  conclude  that  the  value  of  the  Bontgen  rays 
in  bmin  lesioas  is  at  present  dubious. 

Dr.  3L  Bene<likt.  of  Vienna,*  described  a  number  of  most  interesting 
ir>orHiitions  tliat  were  both  studie<l  and  skiagraphed  by  Dr.  Kienbock. 
Frr^m  a  series  of  cases  related  by  Dr.  Benedikt  we  cull  the  following  facts 
in  his  own  words:  "Kolar,  M.,  engine-driver.  On  June  6,  1897,  while 
h'aning  out  of  the  engine,  he  struck  his  head  against  a  lateral  object. 
He  hibt  consr-ioasriess,  vomite<l,  and  was  confined  to  his  bed  for  six  days. 
He  tried  to  resume  his  work,  but  could  not  continue.  On  October  16,  of 
the  same  year,  he  came  for  the  first  time  under  my  observation.  He  com- 
plainer]  of  violent  headaches,  and  his  face  had  the  rigid  expression  of  a 
inahk.  On  January  20,  1904,  I  had  two  profile  diagrams  taken  with  the 
licjntgen  rays  by  Dr.  Kienbock. 

••When  we  ask  what  pathological  process  we  must  assume  in  this 
case,  the  answer  is  a  pachymeningitis,  especially  haemorrhagica,  with  all 
its  coas^fquenc^es.  als^)  of  alteration  in  the  osseous  parts.  The  enlarged 
shji/low  (if  tlie  r^sseous  circumference  is  not  principally  the  result  of  thick- 
enin;r  of  tlie  lK>nes.  but  is  produced  also  by  i)achy meningeal  deposits." 

••  Horiistein  Manrus  met  with  an  accident  Dec.  24,  1903,  while  enter- 
ing a  railway  car  not  yet  lighted.  He  fell  over  a  trunk  and  receiveil  a 
c^mtusion  on  the  tiliia  and  on  the  index  finger  of  the  left  hand.  The 
nature  of  this  accident  seemed  to  point  to  a  light  lesion.  To  my  great 
ast(Miishnicnt,  at  the  examination  (Jan.  4.  1904)  serious  syuiptouis  were 
found.  Stan<ling  with  open  and  closed  (\ves  the  patient  oscillated  for- 
ward and  to  the  left  side.  The  sui)ra-  and  infra-orbital  nerves  of  the  left 
sidi'  w(*r<*  sensitive  to  pressure,  and  the  parietal,  frontal,  and  temporal 
lM>ncs  MMisitive  to  percussion.  In  these  localities  the  patient  felt  pains 
when  he  walked.  The  turning  of  the  head  excited  pains,  more  toward 
the  left  than  to  the  right  side.  The  cervical  and  doi*sal  vertebne  were 
s<Misiti\e  to  pressure,  the  S(Mi8itiveness  involving  not  only  the  processus 
spinosi,  hut  also  the  lateral  walls  of  the  vertebne  on  the  left  side.  The 
pupil  reflex  was  feeble. 

**The  left  arm  and  both  legs  (especially  the  left  one)  were  adynamic. 
Th<»  |)atellar  reflex  wjus  fe(?bl<*,  and  especially  on  the  leftside.  The  left 
ear  was  nion»  sensitive  to  the  tuning  fork,  from  the  air  and  from   the 

'  I>is(':isrs  nf  \]w  X«TV(»ns  Svstein.  19(K).     Translate<l  bv  K.  Maver. 
M'nivrrsitv  <•!'  Pfiinsvlvaiiia  MiMlical  lUilU'tin,  >hircli,  1908. 
Thci  Anliivfs  ui  Physiolotriral  Tlierapy,  February,  ltK)5. 
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bones  of  tbe  head.  I  was  more  astonished  when  Professor  Eeuss  found 
beginning  bilateral  papillitis  n.  optici.  The  range  of  vision  was  much 
diminished  concentrically,  and  in  the  left  eye  there  existed  a  complete 
defect  of  vision  in  an  inferior  and  superior  sector. 

^'In  this  case  the  diagnosis  was  justifiable  that  there  were  serious 
anatomical  intracranial  lesions,  and,  as  the  case  was  a  recent  one,  also 
blood  effusions.     Eadiographs  confirmed  this  diagnosis." 

I  have  suc<jessfully  skiagraphed  a  blood  clot  in  the  brain,  and  I  can 
do  no  better  than  quote  the  words  of  the  late  Dr.  F.  Savary  Pearce, 
whose  intense  devotion  to  neurology  and  whose  searching  inquiry  into 
the  pathological  manifestations  of  brain  lesions  made  his  word  authori- 
tative. In  his  article  *^Epiphenomena  of  Cerebral  Hemorrhage,"'  he 
says,  **We  would  like  to  mention  the  i/ossibility  of  the  X-ray  being  a 
favorable  adjunct  toward  determination  of  a  blood  clot  within  the  brain  or 
not,  as  a  point  in  diagnosis  between  hemorrhage  or  thrombosis  and  this 
confusing  class  of  Bright's  palsies.  In  a  case  coming  to  autopsy  at  the 
Medico-Chirurgical  Hospital  ten  days  ago.  Dr.  M.  K.  Kassabian  had 
been  fortunate  enough  to  find  what  he  thought  was  a  *  shadow '  of  the 
thrombotic  area  in  the  left  lenticulo-striate  area  region,  and  this  proved 
to  be  so  at  the  post-mortem  examination.  In  this  case,  however,  there 
was  no  complication  of  nephritis  in  making  the  clinical  diagnosis." 

During  1904  and  1905,  I  skiagraphed  at  the  Philadelphia  Hospital 
a  series  of  cerebral  cases  in  the  services  of  Drs.  W.  W.  Keen,  F.  X. 
Dercum,  and  Charles  W.  Burr.  Kealizing  the  imperfection  resulting 
from  the  lightness  of  the  shadow  found  in  skiagraphing  brain  tissue,  I 
took  two  skiagrams  of  suspected  conditions  and  applied  to  the  negativ^es 
obtained  the  principles  of  stereo-skiagraph y.  The  superimposition  of 
the  two  views  thus  derived  resulted  in  a  clear-cut  picture  of  the  part 
under  investigation: 

Eecently  I  skiagraphed  a  cerebral  case  at  the  Philadelphia  Hospital. 
The  patient's  skull  was  bandaged,  thus  concealing  the  presence  of  any 
abnormality.  I  was  ignorant  of  his  clinical  history.  When  the  plate 
was  developed,  I  noticed  in  the  motor  region,  a  light  area,  the  size  of  a 
goose's  egg.  I  then  went  to  the  ward  to  inquire  as  to  the  patient's  symp- 
toms. I  found  that  this  special  area  was  the  one  complained  of;  the 
result  of  a  traumatism,  which  manifested  itself  in  a  slight  paraplegia  of 
the  opposite  side.  This  was  undoubtedly  an  ecchymosis  of  the  cerebral 
meninges.  A  false  diagnosis  was  not  probable,  as  there  was  no  wet  dress- 
ing or  iodoform  employed,  no  exudation  of  serum  or  blood,  and  likewise 
no  pressure  on  the  plate  that  might  simulate  such  a  diseased  area.  Sub- 
sequent examinations  failed  to  reveal  the  affected  region,  although  the 
skiagraph  was  taken  under  the  same  circumstances.  Ultimately  the 
patient  got  well,  showing  the  ecchymosis  (exudate)  was  absorbed. 

*  American  Meilicine,  Aug.  9,  1902. 
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Calcareous  D^'jHmts  ia  GlamU. — The  shadow  tlirowu  by  these  deposits 
is  ill  some  regioas  of  the  body  dense  enough  to  be  mistaken  for  calculi. 
If  tliere  be  an  aliscess  eavity,  sinus,  or  fistula,  its  depth  and  extent  may 
be  sufficiently  ascertainiHi  by  introducing  either  a  probe,  a  packing  of 
iodoform  gauze,  or  a  rubber  drainage  tube,  and  taking  a  skiagram  while 
the  introduced  substance  is  in  situ. 

Empyema  and  pleural  effusions  will  be  treated  of  when  discussing 
diseases  of  the  thoracic  organs. 

Enlarged  mediastinal  glands,  calcified  glands,  and  bronchial  glands 
are  often  visible. 

VII.  The  Articular  System. 

In  the  normal  joint,  the  cartilage  being  transparent  to  the  rays,  the 
negative  will  show  the  inter-articular  space  black,  but  it  will  appear 
white  on  the  skiagraph.  The  articular  extremities  of  the  bones  will  look 
smooth.  In  adjusting  the  tube,  part,  and  plate,  care  must  be  taken  to 
see  that  the  rays  fall  directly  ui)on  the  joint ;  for  if  this  precaution 
be  not  taken,  there  will  result  an  overlapping  of  the  shadows  of  the 
articular  extremities,  the  latter  leading  to  a  confusion,  and  causing  a 
possible  error  between  a  diagnosis  of  the  true  condition,  ankylosis,  and 
subluxation. 

As  muscles,  tendons,  and  ligaments  are  slightly  less  opaque  to  the 
rays  than  are  the  lH)nes.  the  tearing  off  of  any  of  these,  as  in  some  sprains, 
can  s()nietini<\s  be  shown  on  the  skiagram,  provided  that  the  shadow  falls 
particularly  on  th(»  muscular  lield,  and  that  the  negative  is  full  of  details, 
the  lesult  of  g4)0<l  teehnie. 

A.   DisKASKS  or  Tin:  Joints. 

Ariitr  Arthritic. — In  tills  affection  the  skiagram  reveals  nothing  in  the 
early  >ta;(e.  save  a  slight  cloutliness  or  haziness  at  the  inter-articular 
spa/-*-.  du«-  to  (congestion.  Later  this  haziness  increases,  and  if  j>us  l»e 
\tv*"-f-\i\.  the  shadow  cast  on  the  negative  will  Ix^  darker,  as  this  is  le>s 
opa'j'j"  to  the  |>:Lss;ige  of  the  rays  than  is  sc^ruin.  If  the  arthritis  con- 
tiijti*-  for  a  few  months,  the  inflammation  will  extend  to  the  articu- 
lar <*ri#N:  of  the  hoiH*,  and  they  will  he  more  oi)aqne  to  the  rays,  ami 
coi]'rf'<jii«-i;tiy  ap[><-ar  whit**  on  the  negative. 

.l'//.V  //////  Chronir  Artimhir  Uliffimnfivii. — The  acute  stage  is  identic;il 
wiih  the  d<wr ijition  given  under  acute  arthritis.     When  this  coiulitii»n 
:L'\<iiin«'-i  \ui',  r-hronie  form,  the  skiagram  will  show  destruction  of  the  ar 
titular  en*]-   of  the  l>on«*s,  causing  tlisplacements  of  the  oppostnl    Umy 
surr;i<-<—  and  t|j«-  attendant  deformities. 

(foiit.  In  this  divas*-  the  tophi  Uvhich  are  com[)osed  of  s«Hiium 
nrat*-,  ate  tfMn-]>arent  to  the  rays.  Yet  peri-articular  shadows  of  the 
tophi  ate  ofti-n  \  i.-^ihle  in  the  di<Mts. 
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Tuberculous  Arthritis.  (Fig.  161.) — The  early  stages  of  tubereulouij 
arthritis  are  most  difficalt  to  distinguish  from  other  arthritic  conditions. 
But  a.s  soon  as  the  bone  becomes  involved  the  shadow  on  the  negative  will 
be  identical  with  the  appearance  of  tuberculosis  of  bone  previously  de- 
scribed ;  but  with  abscess  formation,  the  dark  spots  on  the  skiagram  will 
reveal  the  true  nature  of  the  malady.  When  destruction  of  the  soft  parts 
of  the  joint  occurs  with  subsequent  absorption  of  the  head  of  the  bone, 
sequestra  are  formed,  resulting  in  great  distortion. 

Coxalgia. — In  the  incipient  stage  any  hiiziness  in  the  interarticular 
space,  in  comparison  with  the  unaffected  side,  is  indicative  of  changes 
in  the  synovial  membrane  of  the  joint, — this  is  likewise  true  of  the 
epiphyseal  line. 

Lovett  and  Brown,  in  a  most  elaborate  research,'  arrived  at  these 
conclusions:  **The  earliest  changes  observed  radiographically  in  hip 
disetise  are,  first,  diminution  in  the  density  of  the  shadow,  and  second,  a 
relative  diminution  in  the  size  of  the  shadow  cast  by  the  affected  bone ; 
in  other  words,  atrophy  of  the  bony  substance. 

''The  best  radiographic  evidence  is  considered  to  be  bony  thickening, 
indicated  by  a  shadow  projecting  inward  from  the  pelvic  side  of  the 
acetabulum ;  the  head  and  neck  of  the  femur  also  may  show  this 
evidence. 

*^  Decreased  radiability,  observed  as  an  indefinite,  cloudy  appearance, 
which  involves  not  only  the  bony  medulla,  but  the  cortex  and  periosseous 
structures  as  well,  is  frequently  seen.  This  cloudiness  was  found  to  be 
due  to  the  presence  of  thick  serum,  pus,  or  finely  divided  detritus,  and  is 
apt  to  l>e  misleading  if  depended  upon  to  the  exclusion  of  other  indica- 
tions. It  was  sometimes  observed  where  the  inflammatory  process  was 
extraarticular,  as  in  abscess  of  the  groin. 

*' Erosion  of  the  bone  substance,  when  present,  is  usually  clearly 
evident  on  the  plate,  but  is  not  of  itself  conclusive  evidence  that  hip- 
joint  disease  is  present.^' 

Loose  bodies,  such  as  displaced  or  detached  cartilage,  are  difficult  of 
detection  because  of  their  transparency.  If  their  shadows  are  superim- 
posed with  those  of  the  bones,  recognition  is  of  course  impossible,  as  on 
the  shadow  of  muscles,  their  detection,  at  times,  is  possible.  Small  sesa- 
moid bones,  which  may  simulate  foreign  bodies,  can  also  be  skiagraphed 
in  or  around  a  joint. 

Coxa  Vara, — "The  neck  of  the  femur  varies  in  length  and  obliquity 
at  various  periods  of  life  and  under  different  circumstances.  In  infancy 
the  angle  is  widest  and  becomes  lessened  during  growth,  so  that  at  pu- 
berty it  forms  a  gentle  curve  from  the  axis  of  the  shaft.  In  the  adult  it 
forms  an  angle  of  about  130°  with  the  shaft,  but  varies  in  inverse  propor- 
tion to  the  development  of  the  pelvis  and  stature.    In  consequence  of  the 

*  New  York  Medical  Journal,  January  28,  1905. 
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prominence  of  the  hips  and  widening  of  the  pelvis  in  the  female,  the  neck 
of  the  thigh  bone  forms  more  nearly  a  right  angle  with  the  shaft  than  it 
does  in  man."     (Gray.) 

Skiagraphy  in  cases  of  coxa  vara  reveals  the  tme  clinical  condition. 
(Fig.  162.)  It  is  fonnd  that  the  axis  of  the  neck  to  the  shaft  has  materi- 
ally changed  its  angle,  that  the  affection  is  non-taberculons,  and  that  the 
trochanter  has  changed  from  its  normal  position  to  a  higher  plane.  •  In 
skiagraphing  this  condition,  inversion  and  eversion  of  the  feet  mast  be 
vigorously  guarded  against.  This  is  best  aeconiplisheil  by  securely  bind- 
ing both  feet  in  the  position  of  a  right  angle  to  the  leg.  A  plate  large 
enough  to  include  both  hips  must  be  employed ;  the  patient  mast  lie  ab- 
w^lutely  flat  on  his  back,  with  the  tube  placed  over  the  pubic  symphysis 
in  the  me<lian  line.  Some  operators  prefer  the  ventral  to  the  dorsal  de- 
cubitas  position.  Of  course,  the  position  assunicil  will  slightly  vary  the 
length  of  the  neck  of  the  bone.  Consequently  the  necessity  of  compari- 
son between  the  affected  and  the  normal  sides. 

Genu  valgum  is  the  result  of  overgrowth  of  the  inner  condyle  and  an 
incurvation  of  the  femoral  shaft.  The  X-rays  will  show  the  amount  and 
the  angle  of  deformity,  and  also  any  alterations  in  the  relaxation  and 
elongation  of  the  ligaments  of  the  knee-joint. 

Genu  varum  is  the  opposite  of  genu  valgum,  and  in  these  cases  the 
X-rays  will  also  furnish  the  operator  with  complete  clinical  data. 

Deformities  of  the  foot,  including  talipes  in  its  various  forms,  dis- 
placements of  the  toes,  and  deformities  of  the  hands  and  digits  can  l>e  most 
a<lvant4igeously  studied  by  (jorroboratiug  the  facts  of  clinical  experience 
with  the  X-ravs. 

B.    AKTUKOPATUIf:S. 

In  the  early  stages,  arthropathies,  as  manifested  in  tabes  (Fig.  163;, 
l)resent  a  haziness  in  the  joint,  identical  with  the  appearance  evidenceil 
in  other  forms  of  arthritis.  Later  the  interarticuhir  space  becomes  more 
hazy,  the  periarticular  structures  are  destroyed,  the  ends  of  the  bones 
irrej^ular  and  nodular,  with  rarefaction  of  the  osseous  tissue  and  possibly 
complete  disai)i)eanince  of  the  bone.  In  some  instances,  in  place  of  rare- 
faction, we  find  thickening  or  eburnation,  with  the  projection  of  bony 
excn\scences. 

Si/rhif/(tmyeUu, — Several  authorities'  state,  that  in  syringomyelia  there 
is  j)rogressive  destrnction  of  the  joints  greater  in  extent  than  is  noticed 
in  talx'S,  hut  marked  bv  an  absence  of  bony  excrescences.  Morvan's 
disease,  often  associated  with  svrinjronjvelia  and  characterized  by  the 
formation  of  j)ainless  felons,  shows  skiagraphically  an  irregular  appear- 
ance* and  a  thickenin<;  of  tlie  hone,  frequently  with  the  presence  of 
s<*nnestra.      Pnhnonarv  tuberculosis  and  *reneral  systemic  diseas(\s  may 
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Bouchard,  "  Traitv  de  iJadiulogie  M<'<licaU'/'  HH)4. 


rio.  1«1.— Tdkeicdujus  A«T»»ITI»  oif  TiiK  K»BE-Joi»T.— Tlie  leH-bwiil  pictuni  Bhowi  Wbttcu- 
Iou>  arthrttli  at  the  knee-Joinl;  1— S  Indicates  thu  diBlended  minulkr  1(kiui)<!ii(  :  :l,  ■  nnrrowhi 
the  latcr^rllculiir  tfnoe  ;  1  uid  2  ghow  thi!  vliHiiErd  t.-hBrmoWr  of  the  epEphysvs.    The  >li.litgni|ih 
laken  after  the  lltnb  had  ^•■'.■n  ^itup-A  [nr  iwu  moiilh^.    Righl-lianil  plclurc  iliowi  11 
(CbmoI  Pr,  J.  K.  Young.) 
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also  show  arthropathies,  but  will  not  show  the  destruction  of  the  articular 
ends  of  the  bones,  but  there  will  be  revealed  a  periarticular,  semi-opaque 
condition. 

VIII.  Foreign  Bodies  and  their  Localization. 

In  nothing  have  the  X-rays  proved  themselves  of  more  incalculable 
service  than  in  the  detection  and  localization  of  foreign  bodies.  Prior 
to  the  discover^'  of  this  priceless  diagnostic  agent,  the  surgeon  found 
himself  helpless  in  cutting  down  upon  a  supposed  embedded  substance, 
but  with  determination  born  of  forlorn  hope,  too  often  he  pursued  an 
erroneous  course,  only  to  find  that  disappointment  and  at  times  serious 
infections  wei-e  the  rewards  of  his  endeavors. 

By  the  rays  the  skiagrapher  learns  not  only  the  position  of  a  foreign 
body,  its  variety,  size,  and  shape,  but  also  the  extent  of  damage  incurred. 

A.  Military  Surgery. 

The  X-rays  have  been  especially  useful  in  military  surgery.  Dr. 
Haughton  has  said,  *'that  the  X-rays  have  furnished  the  army  surgeon 
with  a  probe  which  is  painless,  which  is  exact,  and,  most  important  of 
all,  which  is  aseptic.'' 

In  1897  the  X-rays  were  for  the  first  time  successfully  used  in  the 
GrsBco-Turkish  war.  It  was  there  demonstrated  that  they  were  an  invalu- 
able adjunct  in  military  surgery,  and  since  that  time  improvements  have 
been  made  in  the  apparatus  for  trials  in  future  field  encounters. 

The  X-rays  were  also  employed  with  marked  success  by  Surgeon- 
Major  Beevor  on  the  Indian  frontier,  during  the  Chitral  Campaign  in  1898. 

Of  no  less  importance  were  the  experienc>es  of  Major  Battersby,  who 
had  charge  of  the  Rontgen  apparatus,  while  campaigning  in  the  Soudan 
a  number  of  years  ago.  Following  the  battle  at  Omdurman,  121  wounded 
British  soldiers  were  brought  to  Abadith,  21  of  whom  could  not  have  had 
their  condition  correctly  diagnosed  without  X-ray  examination. 

In  the  words  of  Captain  W.  C.  Borden,  assistant  surgeon  in  the 
United  States  Army:*  '^The  use  of  the  Rontgen  rays  has  marked  a 
distinct  advance  in  military  surgery.  It  has  favored  conservatism  and 
promoted  the  aseptic  healing  of  bullet  wounds  made  by  lodged  missiles, 
in  that  it  has  done  away  with  the  necessity  for  the  exploration  of  wounds 
by  probes  or  other  means,  and  has  thus  obviated  the  dangers  of  infection 
and  additional  traumatism  in  this  class  of  injuries.  In  gunshot  fractures 
it  has  been  of  great  service  from  a  scientific  point  of  view,  by  showing 
the  character  of  the  bone  lesions,  the  form  of  fracture,  and  the  amount  of 
bone  comminution  produced  by  the  small  calibre  and  other  bullets, — 

*  The  Use  of  the  Rontgen  Rays  by  the  Medical  Department  of  the  United  States 
Army  in  the  War  with  Spain. 
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couditions  which  could  not  have  been  otherwise  determined  in  the  living 
body.'' 

Nicholas  Senn  writes  that  the  expectations  as  to  the  diagnostic  value 
of  the  X-rays  in  military  surgery  were  actually  realized  in  the  Spanish- 
American  War.  lie  states  that  foreign  bodies  were  located,  fractures 
ascertained,  and  other  surgical  conditions  studied,  without  subjecting  the 
patient  to  pain  or  any  danger  from  infection. 

Mr.  Clinton  Dent,^  special  war  correspondent  in  South  Africa,  speaks 
interestingly  of  injuries  by  Mauser  bullets.  If  the  dense  part  of  the  long 
bone  is  hit  by  a  bullet  of  the  Mauser  type,  there  is  a  drilling,  compli- 
cated by  fracture.  The  extent  of  the  injury  depends  upon  the  angle  at 
which  the  bullet  strikes  the  bone,  upon  the  velocity  of  the  bullet,  and  to 
some  extent  upon  the  age  of  the  person.  Mr.  Dent  also  observes,  *Hhat 
a  line  dmwn  between  the  apertures  of  entrance  and  exit  does  not  afford  a 
reliable  clue  of  the  coui-se  that  the  bullet  has  followed.''  He  also  states 
that  fractures  with  a  drilling  of  the  tibia  and  the  upper  and  lower  ends 
of  the  humerus  and  radius  are  common. 

Major  Matignon,  in  reference  to  the  Russo-Japanese  war,  describes 
at  length'  the  installation  of  an  X-ray  apparatus  in  the  Fifth  Division  of 
the  Japanese  army  in  Manchuria.  This  apparatus  consisted  of  a  Ruhm- 
korff  coil,  30  cm.  long  and  12  cm.  in  diameter,  with  a  spark-producing 
power  of  from  15  to  18  cm.  The  tube  was  bi-anodic  and  20  cm.  long. 
The  current  was  supplied  by  a  dynamo,  energized  by  hand-power.  Two 
l)ersons  were  enabled  to  brin<^  about  sufficient  velocity  to  produce  the 
desired  current  by  means  of  gearing.  A  portable  dark  room  was  pro- 
vided, and  Major  .Matignon  remarks:  '"I  was  able  to  discern  clearly 
the  fractures  and  the  presence  of  foreign  bodies  in  the  hand  and  in  the 
arm."  Me  further  states  that  the  use  of  aeeuniulatoi*s  and  their  bur- 
densome const  ruction  can  thus  be  leadily  dispensed  with. 

B.  Varietiks  of  Fokkigx  r>oi)iEs. 

Tliese  may  be  transi)arent,  translucent,  or  opaque  to  the  rsiys. 

Tlie  tninspdnnt  iiichule  such  substances  as  splinters  of  wood,  pieces 
of  coal,  diamonds,  ])aper  wads,  leather,  clothing,  etc. 

Tlie  translncrnt  include  a  fragment  of  porcelain,  paste  diamonds 
small  lish  bones,  other  small  bones,  seeds  of  fruits,  small  pieces  of 
glass,  etc. 

The  opaqnr  include  metallic  substances,  such  as  bullets,  coins,  nails, 
buttous,  pins,  needles,  jack-stones,  marbles,  and  dice  ;  also  surgic^il  dress- 
ings,— dusting  powders  (/.  //.,  ])is!nuth,  iodoform),  lead- water  and  lauda- 
num, corrosive  sublimate,  <lerniatol,  permanganate  of  potassium,  etc., 
hard-rubl>er  tubes,  and  iodoform  gauze. 

'  r.rilish  Mi-dical  Journal,  April  21,  1900,  p.  9(>9. 
•  Archives  'rKlcctricit*-  Mt'dicalo,  Juno  2">,  1906. 


THE  CLINICAL  APPLICATIONS. 


287 


The  table  below  shows  the  relative  transparency  of  equal  thicknesses 
of  various  substances  (water  ^=^  1)  as  found  by  Bottelli  and  Garbasso.* 

TABLE  OF  PERMEABILITY  OF  RONTGEN  RAYS. 


Material. 


Specific 
Gravity. 


Pine  woocl 

Walnut 

Paraffin 

Rubber  (pure  gum).. 

Wax 

Stearine 

Pasteboard 

Ebonite 

W^oollen  tissue 

C€lluloid 

Whalebone 

Silk 

Cotton 

Charcoal   (hardwood) 

Stan*h 

Sugar 

Bone 

Magnesium 

Coke 

Glue 

Sulphur 

Lead  plaster 

Alummium 

Talc  (soapetone) 

(ilans    

Tin 

Zinc 


0.56 
0.66 
0.874 
0.93 
0.97 
0.97 

i.'u 


1.61 

1.9 

1.74 


1.98 

2.67 

2.6 

2.6 

7.28 

7.20 


TRAN8- 
PARINCY. 


2.21 
1.50 

1.12 
1.10 
1.10 
0.94 
0.80 
0.80 
0.76 
0.76 
0.74 
0.74 
0.70 
0.63 
0.63 
0.60 
0.56 
0.50 
0.48 
0.48 
0.47 
0.40 
0.38 
0.35 
0.34 
0.118 
0.116 


Material. 


Iron   

Chalk 

Antimony 

Nickel 

Brass 

Cadmium ... 

Copper 

Bismuth 

Silver 

Lead 

Palladium 

Mercury 

Gold 

Platinum 

Ether  

Petroleum 

Alcohol 

Amyl  alcohol 

Olive  oil 

Benzol 

Water 

Muriatic  acid 

Glycerin 

Carbon  disulphide 

Nitric  acid 

Chloroform 

Sulphuric  acid  . . . 


Specific 
Gravity. 


7.87 
2.7 
6.7 
8.67 
8.70 
8.69 
8.96 
9.82 
10.5 
11.:^ 
11.3 
13.56 
19.36 
22.07 
0.713 
0.83() 
0.793 

•   •   •   •  • 

0.915 
0.868 
1.000 
1.260 
1.240 
1293 
1.420 
1.525 
1.841 


Trans- 
parency. 


0.101 

0.330 

0.126 

0.095 

0.093 

0.090 

0.084 

0.075 

0.070 

0.055 

0.053 

0.044 

0.030 

0.020 

1.37 

1.28 

1.22 

1.20 

1.12 

1.00 

1.00 

o.m 

0.76 
0.74 
0.70 
0.60 
0.50 


C.  Foreign  Bodies  in  the  Digpstive,  Respiratory,  and  Genito- 
urinary Tracts. 

(EsapJuigm, — Foreign  bodies  in  this  region  can  be  detected  by  the 
fluoroscope  and  skiagram,  and  should  be  examined  in  both  positions.  I 
recently  skiagraphed  a  child  with  a  penny  lodged  in  the  oesophagus,  as 
shown  in  Fig.  164. 

Segond'  reports  a  case  where  a  tooth-plate  had  accidentally  been 
swallowed  and  lodged  in  the  oesophagus.  It  was  located  by  the  X-rays  at 
the  region  of  the  supra-sternal  concavity,  and  extracted  by  external 
oesophagotomy.  A  hook-like  projection  of  the  plate  forced  its  way  into 
the  mucous  and  submucous  coats  of  the  organ,  requiring  repeated 
fluoroscopic  examinations  before  extraction  was  achieved. 

Mr.  Ballance,  of  St.  Thomas  Hospital,  London,  says  that  by 
means  of  a  fluoroscopic  examination,  a  hat -pin  was  demonstrated  in  the 

*  BoUetino  della  Societa  Photografica  Italiana,  1897. 
-  Lyon  Mt'-dicalc,  August  5,  1898. 
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In  February,  1897,  Drs.  Ring  and  Hansell  each  reported  one  case, 
and  Dr.  de  Schweinitz  two  cases  of  steel  particles  in  the  vitreous  located 
by  the  X-rays.  In  one  of  these  cases  two  previous  unsuccessful  attempts 
had  been  made  to  extract  the  steel,  and  it  was  only  after  the  radiographs 
indicated  its  approximate  position  that  it  was  extracted  by  the  magnet. 
These  cases  were  probably  the  first  that  demonstrated  that  the  bony 
walls  of  the  orbit  and  the  coats  of  the  eye  were  permeable  to  the  rays. 
By  comparison  of  the  shadow  of  the  metal  with  that  of  the  margin  of  the 
malar  process  of  the  superior  maxillarj'  bone,  and  the  knowledge  of  the 
relation  of  the  Crookes  tube  to  the  sensitive  plate,  the  location  of  the 
foreign  body  could  be  easily  demonstrated. 

Dahlefeld  and  Pohrt^  report  that  good  records  were  obtained  of 
small  fragments  of  wire  and  small  shot  that  had  previously  been  intro- 
duced into  the  orbits.  Their  method  of  detection  consists  in  placing  a 
focus  tube  on  the  opposite  side  of  the  head  (10  to  15  mm.  distant  from 
the  temple)  and  a  sensitive  plate  against  the  temple  corresponding  to  the 
affected  side. 

Fridenberg'  and  Friedman'  both  made  two  exposures  of  the  eye 
and  orbit  at  right  angles  to  each  other,  while  Stockl*  used  pieces  of 
lead,  fastened  at  various  points  around  the  orbital  margin,  from  which  to 
measure  the  situation  of  the  foreign  body.  Leonard  made  a  number  of 
exposures  to  give  a  series  of  triangles  to  locate  the  body. 

For  the  want  of  space,  I  shall  include  only  those  methods  which  in 
my  experience  have  been  found  most  useful. 

Dr.  Wm.  M.  Sweet  ^  was  the  first  to  devise  an  accurate  method  of 
localization,  employing  for  this  purpose  a  plate-holding  apparatus,  fixeil 
to  the  side  of  the  head  on  the  injured  side,  the  fixed  points  of  measure- 
ment consisting  of  two  ball-pointed  rods,  adjusted  at  a  known  distance 
from  the  centre  of  the  cornea. 

In  describing  the  method.  Sweet*  siiys:  *'The  determination  of  the 
location  of  pieces  of  metal  in  the  eye  or  in  the  immediately  adjacent 
tissues  by  means  of  the  Rontgen  rays  demands  that  the  shadow  of  the 
foreign  body  as  shown  on  the  radiograph  be  studied  in  relation  to  the 
shadows  of  at  least  two  opaque  objects  of  known  position.  The  method  of 
judging  the  approximate  position  of  the  body  in  the  eye  from  the  rela- 
tion of  its  shadow  on  the  photographic  plate  to  the  shadows  cjist  by  the 
bones  of  the  orbit  is  less  accurate  than  the  method  by  triangulation,  even 
when  carried  out  by  making  two  exposures  upon  the  same  plate  with  the 
tube  in  difiTerent  positions,  or  by  making  several  separate  exposurea'' 

'  Deutsche  medifinische  Wochenschrift,  No.  18,  1897. 

=  Medical  Kecord,  May  15,  18<»7. 

•^  Klin.  Monatsblatt,  Oct.  1897. 

MViener  klin.  Woe-hen.,  Xck  7,  1898. 

-'Tnins.  Arner.  Ophth.  So(;iety,  May,  1897. 

^  Di.seaeet?  of  the  Eve,  bv  Hansell  and  Sweet. 
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The  localizing  apparatus  designed  by  Sweet  consists  of  two  metal 
indicators,  one  pointing  to  the  centre  of  the  cornea  and  the  other  situated 
to  the  outer  canthus  at  a  known  distance  from  the  first.  Two  exposures 
are  made  in  order  to  give  different  relations  of  the  shadows  of  the  indi- 
cators and  of  the  body  in  the  eyeball,  one  with  the  X-ray  tube  horizontal 
or  nearly  so  with  the  plane  of  the  indicators,  and  the  other  with  the  tube 
below  this  plane. 

"  The  principle  of  the  method  may  be  understood  from  the  i)erspec- 
tive  drawing  (Fig.  165).     Eays  coming  from  the  light  situated  at  A  cast 
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Fig.  166.— Principles  of  the  method  of  localization.    (Courtesy  of  Dr.  Wm,  M.  Sweet.) 


shadows  of  two  ball-i)ointed  rods  and  an  object  in  the  eyeball,  and  give 
the  view  shown  on  the  surface  C.  In  this  instance  the  tube  is  in  front  of 
the  vertical  plane  of  the  two  indicators,  and  consequently  the  shadow  of 
the  centre  ball  will  be  thrown  back  of  that  of  the  outer  ball.  When  the 
light  is  carried  below  the  plane  of  the  two  indicators,  the  shadows  of  the 
two  rods  are  formed  on  the  surface  D,  and  the  shadow  of  the  foreign 
body  in  the  eye  assumes  a  new  position.  If  the  distance  of  one  of  the 
indicating  rods  from  the  centre  of  the  cornea  is  known,  and  the  distance 


am 
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between  the  two  indicators  is  measored,  tiie  pOBilion  of  the  metal 
^e  may  be  determined,  stnoe  the  shadow  of  tite  foreign  body  preHervm 
ti  all  timea  a  fixed  relation  to  the  shadows  of  tlie  indicating  balls,  in 
whatever  position  the  light  is  placed. 

"  Accarate  localization  requires  that  the  axis  of  the  cyebikll  t^hall  be 
paralld  with  the  two  indicators  and  with  the  jihotogmphk-  (jlaU-,  tLiti 
<nie  of  the  indicating  balls  be  opposite  to  the  centre  of  ttje  cornea  and  at 
a  known  distance  from  it,  and  that  both  indiralot-»  are  at  a  meiisiired 
dlrtaoee  from  each  other.  The  plate-holder  and  indicators  liave  been 
combined  into  a  special  apparatns  which  firmly  holds  the  lit^ad  of  tbf 
patient,  as  shown  in  Fig.  166.    The  arrangement  of  the  parts  of  Uds 


Yia.  166.— Indicating  sppai 


Courles]'  ot  Dr.  Wm.  M.  Sweet.) 


apparatofl  is  such  that  the  indicators,  while  freely  adjustable,  are  always 
parallel  to  each  other  and  to  the  plate,  and  the  two  balls  are  perpen- 
dicular to  the  plate  and  15  cm.  distance  between  their  centres  when  the 
apparatus  is  in  place.  It  is  necessary  that  the  patient  rotate  the  eyeball 
to  bring  the  ocular  axis  parallel  with  the  plane  of  the  photographic 
plate,  and  that  the  operator  adjust  the  indicators  so  that  the  centre  ball 
is  opposite  the  centre  of  the  cornea. 

"To  determine  the  position  of  the  foreign  body  in  the  eye,  two 
circles  are  drawn,  representing  the  horizontal  and  vertical  sections  of  the 
normal  adnlt  eyeball,  and  upon  these  are  marked  the  situations  of  the 
indicating  balls  at  the  time  the  radic^raphs  are  made. 
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Fio.  167.— Outline  drawing  of  a  radiograph,  made 
with  a  tube  Rlightly  above  the  plane  of  indicators.  A,  ball 
opposite  the  centre  of  the  cornea ;  B,  ball  to  the  temporal 
side ;  S^  foreign  body.  (Two-thirds  normal  size.) 


**  Lines  are  drawn  through  the  shadow  of  each  of  the  indicating 
balls  on  the  two  radiographs.  On  the  negative  made  with  the  tube  hori- 
zontal and  parallel  with  the  plane  of  the  indicators,  a  measurement  is 
made  of  the  distance  the  shadow  of  the  metallic  body  is  above  or  below 
the  shadow  of  each  of  the  in- 
dicators. This  distance  Ls 
entered  above  or  below  the 
spots  representing  the  two 
indicators  on  the  diagram  of 
the  vertical  section  of  the  eye- 
ball. Thus,  in  the  radiograph 
(Fig.  167)  the  distance  of 
the  foreign  body  (S)  below 
each  of  the  indicators  (O  S 
and  N  S)  is  entered  below 
the  spots  A  and  B,  front 
view,  Fig.  169.  A  line  drawn 
through  the  points  C  and  D 
gives  the  direction  of  the 
X-raj'S     at     the     time     the 

shadow  of  the  foreign  body  was  cast  upon  the  plate.  Similar  measure- 
ments  of  the  distance  that  the  shadow  of  the  foreign  body  is  below 
the  shadow  of  each  of  the  indicators  are  made  on  the  second  negative 
(Fig.  168),  and  these  are  likewise  entered  below  the  points  A  and  B,  rep- 
resenting the  two  balls  on  the  vertical  section  of  the  eyeball.    These 

measurements  are  A  F  and 
BE.  A  line  drawn  through 
the  points  E  and  F  gives 
the  direction  of  the  rays 
when  the  second  negative 
was  made.  Since  these  two 
lines  indicate  the  plane  of 
the  shadow  of  the  foreign 
body  at  each  exjyosure,  the 
intersection  of  the  lines 
must  be  the  location  of  the 
nietjil  in  the  eye,  as  meas- 
ured above  or  below  the 
horizontal  plane  of  the 
globe  and  to  the  temporal 
or  nasal  side.  To  deter- 
mine the  distance  of  the  foreign  body  back  of  the  centre  of  the  cornea,  the 
negative  made  with  the  tube  horizontal  is  taken,  and  the  distance  is 
measured  that  the  shadow  of  the  ball  opposite  the  centre  of  the  cornea 
lies  posterior  to  that  of  the  external  ball.    This  distance  is  entered  directly 


Fig.  168.— Outline  drawing  of  radiograph,  tube  below 
the  plane  of  indicators.  .4,  ball  below  centre  of  the  cornea  ; 
B,  external  ball ;  S,  foreign  body.    (Two-thirds  normal  size.) 
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above  the  external  ball  on  the  diagram  representing  the  horizontal 
section  of  the  eyeball.  A  line  drawn  from  K  throogh  the  centre 
ball  gives  the  direction  of  the  rays  at  the  time  the  radiograph  was 
made.  On  the  same  negative  is  measured  the  distance  that  the  shadow 
of  the  foreign  body  is  back  of  the  shadow  of  each  of  the  indicators,  and 
these  distances,  B  J  and  A  H,  are  entered  on  the  diagram.  A  line  is 
drawn  through  the  x>oints  J  and  H,  and  since  this  line  represents  the 
plane  of  the  shadow  of  the  foreign  body,  the  i)oint  at  which  a  perpen- 
dicular drawn  from  the  situation  of  metal  as  shown  on  the  vertical  sec- 
tion of  the  eyeball  intersects  this  line  indicates  the  situation  of  the  body 


Name 
Date. 


Size  ol  body by ^hy mm. 

Situaticn 
miahack  ol  center  of  cornea, 
mmlielow  honzontal  plane . 

mnUG side  of 

veitical  plane. 


Horizontal 
section. 


Horizontal 
SBClion. 


B 


Side  view 


Front  view 


Front  view 


Side  view 


Fi<;.   l<"»y.— Dr.  William  M.  S\vtH»t's  chart  for  i>lottinff  location  of  foreign  bodies  In  tht;  eye. 

<'T\v(»thinis  normal  size,  ) 

back  of  the  centre  of  the  cornea.  If  the  ])osition  of  the  tube  from  the  eye 
has  bt^en  measured,  its  distance  is  indicated  on  the  line  drawn  from  K 
throug:h  the  centre  ball  A.  A  line  tlirou*;]!  J  to  this  point  indicates  the 
divergence  of  the  rays.  Tliis  means  of  determining  the  position  of  the 
jdane  of  sliadow  of  the  foreign  body  is  more  accurate  than  when  the 
measunMucMit  is  mad(^  of  tlie  shadow  of  the  l)ody  above  each  of  the  balls, 
and  sliould  he  followcnl,  especially  if  the  Ixxly  is  some  distance  away  from 
the  anterior  segment  of  the  globe  or  is  in  the  orbit. 

'"If  the  foreign  body  hits  passed  into  the  orbit,  the  rotation  of  the 
eyeball  to  insun*  ])arallelisni  of  the  ocular  axis  with  the  plane  of  the 
plate  h»ads  to  a  slight  error  in  t\w  determination  of  the  position  of  the 
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metal.  To  eliminate  tliia  error  ueressitates  a  knowk-dge  of  the  angle  uf 
tbd  orbit  with  the  plate  or,  its  pquivalent,  the  amount  of  deviation  of 
the  eyeball  from  the  primary  position,  aud  the  cousidemtion  of  this 
angle  in  plotting  the  diagrammatic  cireles  representing  the  eyelrall. 

"  The  indicating  apparatus  is  eeuared  to  the  side  of  the  head  eorre- 
fiponding  to  the  injured  eye,  and  the  tobe  placed  aboat  12  or  15  inches 
(30  or  38  (-ni.)  to  the  opposite  side  and  slightly  forward.  The  patient  is 
in  the  recumbent  posture,  to  insui-e  steadiness  of  tlie  head.     After  the 


indicating  rods  have  been  adjusted,  the  patient  fixes  an  object  atmut  5  to 
10  feet  distant,  so  placed  that  the  i-isnal  axis  of  the  injured  eye  shall  be 
parallel  to  (he  photographic  plate.  An  exposure  of  from  10  to  20 
seconds  will  clearly  outline  the  bones  of  the  orbit,  and  secure  a  shadow 
of  any  body  opaque  to  the  rays  in  the  eyeball  or  in  its  neighborhood." 

Another  method  of  equal  iicciiracy  was  introduced  by  Mat-kenzie 
Davidson,  who  published  a  description  of  it  in  the  Brilish  Metlical 
Journal,,  .Tanuary  1,  1890. 

Daridwn'g  MtHiod.  (Fig.  170.)— The  theory  of  this  method  briefly  is 
as  follows  : '  "The  C'l'ookea  tube  is  placed  in  a  holder,  which  can  slide 
horizontally.  A  perpendicular  is  dropped  from  the  jwint  in  the  anode  of 
'The  Ari'hivost.f  the  Riintgen  Bay,  May,  tH9S. 
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the  tube  where  the  X-rays  originate  on  the  point  where  two  wires  cross 
each  other  at  right  angles,  and  one  of  the  wires  mast  be  parallel  to  the 
horizontal  bar  along  which  the  tube-holder  slides ;  so  that,  when  the  tube 
is  displaced  along  the  bar,  a  perpendicular  dropped  from  the  X-ray  point 
in  the  anode  would  always  fall  upon  this  wire.  The  wires  in  reality  rep- 
resent two  planes  at  right  angles  to  each  other,  and  the  photographic  plate 
representing  the  third  plane.  Eventually  I  obtain  the  three  planes 
which  are  at  right  angles  to  each  other,  and  whose  relation  to  the  part 
of  the  patient's  iMKly  skiagraphed  is  known. 

*^For  practical  purposes  it  is  convenient  to  have  the  wires  stretched 
across  a  flat  board  or  sheet  of  vulcanite,  and  this  can  l>e  placed  on  a  table 
in  the  correct  position  below  the  horizontal  bar,  and  fixed  to  the  table  by 
means  of  drawing  pins.  The  wires  l)eing  inked  so  as  to  mark  the  skin,  a 
photographic  plate,  enclosed  in  black  paper  in  the  usual  way,  is  placed 
beneath  the  cross  wires.  The  perpendicular  distance  from  the  anode  to 
where  the  wires  cross  each  other  is  carefully  measured  and  noted. 

*'  It  is  now  necessary  to  decide  at  what  distance  apart  the  tube  is  to  be 
displaced  in  order  to  take  the  two  skiagrams.  It  does  not  matter  greatly, 
2},  5  or  more  inches  (6  to  12  cm.  etc.)  of  displacement  may  be  given. 
Ilaving  decided  this  point,  movable  clips  are  so  placed  as  to  limit  the 
sliding  of  the  tube-holder  to  the  required  extent.  The  tube  is  then  dis- 
placed to  one  side,  and  the  patient  places  the  part  to  be  photographed  on 
the  cross  wires,  being  careful  not  to  move,  once  the  skin  has  come  in 
contact  with  the  wires;  iH^'ause  it  is  of  the  utmost  importance  that  the 
shadow  (}f  the  cross- wires  on  the  negative  should  Ik*  in  register  with  the 
ink  mark  left  on  the  patient's  skin.  Further  it  is  convenient  to  put  a 
small  coin  on  one  corner  of  the  i>hite,  and  also  mark  the  i>atient's  skin 
nearest  to  it.  This  reveals  to  the  operator  the  relation  of  the  plate  to 
the  skin. 

••One  exi)osure  is  made,  and  the  tube  is  then  displace<l.  A  second 
exiM»>nre  is  given,  prefiM^ably  on  the  same  plate,  provided  a  suitable 
apparatus  he  used  to  enable  the  plates,  if  a  difterent  plate  l>e  used,  to  be 
chan^'C'<l  without  disturbing  the  position  of  the  parts  at  all. 

"llavin;,'  ih'vrlopod  and  fixed  the  negative,  it  will  show  a  single 
shadow  of  the  cross-wires,  hut  two  shadows  of  the  foreign  body.  In 
(►rder  to  interj^ret  this  correctly,  I  devised  the  f(»llowingappamtus,  which 
may  l>e  called  the  •cross-thread  localizer': 

*-A  sheet  of  i)late  glass  is  fixed  horizontally,  having  two  lini^ 
marked  upon  its  surface,  crossing  at  right  angles  in  the  centre.  A 
mirror  hin^red  U-low  it  allows  the  light  to  he  rellected  from  below,  s«»  as 
to  render  details  on  the  negative  visible  by  ordinary  light. 

*' A  scale  fastene<l  to  a  horizontal  bar  slides  up  and  down  on  two 
n^ls  which  sni»port  its  en<ls.  The  scale  has  small  notches  opposite  its 
marks.  This  is  so  j>laced  that  a  perpendicular  dropped  from  the  O^^  or 
middh*  point  of  the  scale  falls  exactly  where  the  lim^  cross  on  the  glass 
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stage.  Furthermore,  the  edge  of  the  scale  is  parallel  to  the  line  running 
right  and  left  on  the  glass.  The  negative  is  now  placed  upon  this  glass 
stage,  the  operator  being  careful  to  bring  the  shadow  of  the  cross-wires 
into  register  with  the  cross  on  the  stage,  placed  with  its  marked  quadrant 
in  correct  position.  The  gelatine  surface  can  be  protected  by  a  thin 
transparent  sheet  of  celluloid. 

**The  scale  is  now  raised  or  lowered  so  as  to  bring  the  0°  precisely 
the  same  distance  above  the  negative  as  was  the  anode  of  the  Crookes 
tube  when  the  negative  was  produced.  All  that  is  now  necessary  is 
to  place  a  fine  silk  thread  through  the  notch  on  one  side  of  the  0°  on 
the  scale,  and  another  thread  through  a  notch  on  the  other  side,  at 
exactly  the  same  distance  as  that  which  measured  the  displacement  of 
the  X-ray  tube. 

^^  Small  weights  are  attached  to  the  ends  of  the  two  threads  to  keep 
them  taut,  while  the  other  ends  are  threaded  into  fine  needles  fastened  to 
pieces  of  lead.  Thus  the  needle  with  the  thread  can  be  placed  upon  any 
point  of  the  negative  and  remain  in  position.  In  short,  the  negative  is 
now  relative  to  the  cross-lines,  the  scale,  and  the  notches  from  which  the 
two  threads  come,  exactly  the  same  as  it  was  to  the  cross-wires  and 
Crookes  tube  when  being  produced. 

**  A  needle  with  the  thread  is  placed  upon  any  point  on  one  of  the 
shadows  of  the  foreign  body,  and  the  other  needle  is  placed  upon  a 
corresponding  point  in  the  other  shadow,  and  it  will  be  found  that  the 
threads  cross  each  other,  just  touching  and  no  more.  The  point  where 
they  cross  represents  the  position  of  the  foreign  body.  A  perpendicular 
can  be  dropped  from  this  point  to  the  negative  below,  and  a  mark  made 
at  the  point  where  it  touches  the  negative.  Then  with  a  pair  of 
compasses,  the  distance  of  this  point  from  the  two  cross-wires  can  be 
measured. 

''The  height  of  the  plate  where  the  threads  cross  gives  one  co- 
ordinate, that  is  the  depth  of  the  foreign  body  below  the  skin,  which 
rested  on  the  photographic  plate.  The  other  two  measurements  give  the 
other  two  co-ordinates. 

''  As  the  mark  of  the  wires  is  left  on  the  patient's  skin,  all  that  is 
required  is  to  measure  the  two  co-ordinates  on  the  skin  that  give  the 
point  below  which  the  foreign  body  will  be  found  at  the  depth  given  by 
the  third  co-ordinate." 

Grossman- 8  Method  of  Localizing  a  Foreign  Body  in  Eye, — Karl  Gross- 
man,^ in  localizing  a  foreign  body  in  the  eye,  utilized  the  eye  itself  for 
the  purpose  of  obtaining  the  necessary  parallax  of  the  shadow ;  the 
vacuum  tube,  the  head  of  the  patient,  and  the  photographic  plate  retain 
their  relative  positions  to  one  another  unchanged.  He  describes  this 
method  as  follows:     *' Either  one  or  two  pairs  of  skiagrams  are  taken. 

*  Liverpool  Medico-Chir.  Journal,  January,  1899,  pp.  359-361. 
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The  first  pair  is  obtained  by  making  the  patient  look  (a)  downward,  (h) 
upward,  in  the  same  plane,  the  X-rays  coming  from  the  other  side  of  the 
face  and  somewhat  in  front  of  it.  If  the  foreign  body  be  in  the  eyeball, 
the  shadow  has  moved  from  (a)  to  (b)  as  follows :  upward  if  in  the 
anterior  half-hemispjbere,  downward  if  in  the  posterior  half-hemisphere, 
forward  if  in  the  inferior  half- hemisphere,  backward  if  in  the  superior 
half- hemisphere ;  the  axis  of  these  four  half- hemispheres  being  at  the 
same  time  the  axis  of  rotation  for  the  upward  movement. 

"  If  the  shadow  has  not  moved,  the  foreign  body  might  still  be  in  the 
eyeball, — viz,,  at  any  point  on  the  axis  of  rotation.  In  this  case  the  second 
pair  of  skiagrams  would  become  necessary,  the  patient  this  time  having 
to  look  at  a  point  (c)  temporalward,  (J)  uasalward,  in  the  horizontal 
plane.  A  movement  of  the  shadow  from  (o)  to  (d)  would  mean  the 
presence  of  a  foreign  body  in  the  eye, — viz.,  in  the  temporal  hemisphere 
if  forward ;  in  the  nasal  hemisphere  if  backward.  The  relative  position 
of  the  tube,  head,  and  plate  need  only  remain  the  same  for  the  two  ex- 
posures of  each  pair, — viz.,  for  (a)  and  (b)  on  the  one  hand,  and  for  (r) 
and  (d)  on  the  other, — but  may  be  a  different  one  for  each." 

Fox' 8^  Method  of  Localization.  (Fig.  171.) — Briefly  this  method  con- 
sists first  of  cocainizing  the  eye  and  in  the  introduction,  beneath  the 
lids,  of  an  appliance  called  a  **conformer."  This  device  consists  of 
an  elliptical  wire  of  gold,  divided  by  cross-wires  of  gold  (concaved 
on  one  side  so  as  to  slip  over  and  fit  the  anterior  surface  of  the  eyeball) 
running  in  opposite  axes,  dividing  the  eyeball  into  quadrants,  anteriorly. 
The  next  step  in  this  method  consists  in  skiagrapliing  the  eye  in  two 
directions,  so  as  to  get  g(H)d  imprints  on  the  sensitive  plate  of  both  the 
foreign  body  and  the  con  former.  Thus,  we  produce  a  skiagram  in  the 
anterior  diameter,  placing  a  small  sensitive  plate  in  front  and  against  the 
eyelrall,  and  the  tul>e  in  back  of  the  head,  with  the  target  pointing  in  the 
direction  of  the  eveball.  The  tube  should  be  distant  from  the  sensitive 
I>late  22  to  30  inches  (55  to  75  cm.).  The  time  of  exposure  is  from  1} 
to  2}  minutes,  depending,  of  course,  upon  the  thickness  (or  rather  the 
antero  posterior  diameter)  of  the  head  examined.  With  a  properly 
exp(Kse<l  plate  and  a  correctly  developed  negative,  thei*e  will  result  a 
I>icture  showing  the  rehition  the  forei<j;n  body  beai*s  to  the  dividei-s  of  the 
coiifornier.  A  second  skiagram  is  produced  by  placing  the  sensitive 
phite  against  the  teniph*  corresponding  to  the  side  that  is  to  l>eexamintHi. 
and  the  tube  on  the  opposite  side,  with  the  target  pointing  in  direi-t  line 
with  the  temi)les.  The  tube  should  be  from  20  to  30  inches  (50  to  75  cnl.^ 
distant  from  the  sensilive  plate.  The  time  of  exposure  should  he  fnaii  1 
to  1 1  minutes,  depend in;^  upon  the  thickness  of  the  head  in  this  diameter. 
This  skiagram  shows  th(*  d<*pth  of  the  foreign  body,  measuitnl  from  the 
peak  or  l)as<?  of  the  con  former. 

'  IMiil:i.l..lphiii  M.Mlical  .iMiirnal,  Kt-bniaiy  1,  1<H)2,  i>p.  2l:;-2lV. 
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This  method  ia  entirely  different  from  any  of  the  others,  and,  anlese 
great  rare  is  exercised  in  securing  the  exposures  at  right  angles  to  each 
other,  the  chance  for  error  in  localization  is  great.  Prior  to  this  method 
I  placed  the  conformer  over  the  closed  eyelids. 

E.  Vaeioub  Methods  of  LociTiNO  Fobeiqh  Bodies. 

Screen  Method. — This  was  the  first  method  employed.     In  order  to 
attain  the  heet  results,  the  examiner  shonld  ha^'e  had  thorough  experience 
in  this  line  of  work.    The  fluoroscope  should  first  be  used,  to  demonstrate 
the  presence  of  the  foreign  body.     The  hood  is  next  removed  from  the 
screen,  and  the  latter  nsed  sep- 
arately, in  the  same  position  as  _^C*NT 
when    first    located.     A    mark,                                  *^ "  ^^ 
made  by  an  indelible  pencil,  is  n^ 
placed  on  the  part  directly  over  '        j^  „ 
the  spot  where   the  shadow  of  i        F^. 
the  foreign  body  presents  itself,                iflT*                  l-'^^L 
this  mark  being  directly  behind             vlL              ^'Vfoll  'i 
the  screen.                                                r^v.  4     _        _  t  i^  )  1 

A  second  mark  is  made  on  kCX  V^Uf. 

the  opposite  side  of  the  member  ^\f  r ,'!lgt'   S 

corresponding  to  the  area  of  the  p-\      ":^^, 

foreign  body.     These  marks,  ly-  ^  ,     „  „ 

mg  in  an  even  plane,  should  be     ciLiiATH)N.-p,  photoBr»phtc  pute ;  t'.  pwaitonof 

both     marked      "1''      and     "1."        the  tube:  T-.  p«lllonoflhe  tubeBlrlght>ng!™to 
_■        ,       .,        ...  .  1..    L  .1.  Iheftbove;    F.  A.  foreign  boil  j. 

The  depth  of  tissue  in  which  the 

bullet  lies  is  nest  ascertained  by  moving  the  screen  slightly  U])  and 
down ;  if  the  shadow  of  the  foreign  body  moves  considerably,  it  indi- 
cates that  the  foreign. object  is  deeply  imbedded.  On  the  contrary,  ' 
if  the  shadow  moves  but  slightly,  it  indicates  that  the  object  is  superfi- 
cially imbedded.  The  next  step  consists  in  viewing  the  foreign  body  at 
exactly  right  angles  to  the  first  position ;  to  do  this  the  part  under  exami- 
nation, and  not  the  tube,  should  be  turned.  The  skin  of  the  part  should 
be  marked  over  the  area  of  the  shadow  at  both  sides  by  the  figures ''2," 
"2."  Next  in  order  draw  lines  from  2-2  and  1-1,  and  the  point  of 
intersection  corresponds  to  the  exact  location  of  the  foreign  object.  For 
marking  the  skin,  some  prefer  diluted  silver  nitrate  crayons,  but,  as 
they  are  more  or  less  irritating,  I  employ  indelible  pencils.  Fig.  172 
illustrates  a  simple  method  of  localization. 

Punetof/raph. — This  consists  of  a  stout  brass  ring  securely  mounted  to 
a  handle  of  ebonite.  A  iiencil  of  aniline  is  atta(-he<l  to  the  base  of  the 
handle.  The  pencil  Ls  controlled  by  a  check  spring,  and  when  the  latter 
is  pressed,  the  pencil  is  relea.sed,  which  now  jumps  through  the  centre  of 
the  brass  ring,  markiug  the  skin  at  the  point  where  the  shadow  presented 
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itself,  as  seen  through  the  sereeu.  lu  localizing  a  foreign  body  by  this 
method,  two  of  these  instruments  are  simultaneously  employed.  The 
screen  should  be  clamped  to  a  frame,  thus  allowing  the  hands  perfect 
freedom  for  manipulating  the  two  instruments. 

In  examining  the  forearm  for  a  foreign  bodj^  let  us  say  a  bullet,  the 
part  is  brought  between  the  screen  and  the  tube,  and  the  shadow  revealed. 

The  first  punctograph  is  then  placed  so  that  the  opening  of  the  brass 
ring  encircles  the  shadow  cast  by  the  bullet.  A  second  punctograph  is 
applied  similarly  and  directly  opposite  the  first.  The  springs  of  both 
punctographs  are  now  simultaneously  released,  and  there  result  marks 
on  the  skin  at  opposite  ends  of  a  line.  The  arm  is  next  rotated  through 
the  quadrant  of  a  circle,  the  punctographs  again  being  applied,  and  the 
springs  released  as  in  the  beginning.  It  must  thus  become  self-evident 
that  four  marks  are  now  upon  the  arm,  and  by  ordinary  calculation  and 
measurement  the  position  of  the  bullet  may  l)e  easily  determined. 

Eemy^s  Method, — The  R<3my  localizer,  which  is  an  extremely  compli- 
cated device,  and  is  with  gieatest  dilBBcaltj'^  elucidated  by  the  use  of  dia- 
grams, is  thus  briefly  reviewed  by  A.  W.  Isenthal,  F.R.P.S.,  and  H.  Snow- 
den  Ward,  F.R.P.S.,  members  of  the  Council  of  the  Rontgen  Society.* 

^^The  R6uiy  localizer  is  a  complicated  apparatus,  founded  on  the 
principle  that  it  is  necessary  to  ^materialize'  those  two  X-rays  which 
connect  the  anode  with  the  foreign  body  and  its  screen  shadow  for  two 
positions  of  the  tube.  By  means  of  suitably  placed  sights  and  stops,  one 
is  enabled  to  bring  the  pointed  rods  (representing  the  X-rays)  always 
back  to  their  proper  plane,  so  that  the  latter  and  the  depth  of  the 
foreign  object  may  be  marked  on  the  patient/' ' 

BarnVs  Method. — Frank  R.  Barrel,  M.A.,  B.Sc.,of  the  University 
College,  Bristol,  England,  thus  tersely  describes  his  localizer. 

^^^ly  method  rec^uires  no  plumb-line,  no  threads,  and  no  levelling. 
My  'apparatus'  consists  of  two  metal  cylinders  whose  ends  have  been 
Ciirefully  turned  perpendicular  to  their  axis.  A  convenient  size  is  four 
inches  long  and  one  inch  in  diameter.  Place  these  cylinders  upright  on 
the  plate  during  an  exposure,  and  close  to  the  limb  holding  the  foreign 
body.  The  shadows  thrown  indicate  the  focus  position  of  the  tubCvS.  To 
secure  good  long  shadows,  place  the  cylinders  near  the  end  of  the  plate 
furthest  from  the  tube.  After  the  first  excitation  shift  the  tube  six  or 
ten  inches,  the  cylinders  are  also  shifted  towards  the  opi)Osite  end  of  the 
plate,  and  then  tin*  tube  is  again  excited,  giving  rise  to  the  second  set  of 
shadows  from  the  forei^^n  bodies  and  the  cvlinders.  Lines  are  ruled 
along  the  edges  of  the  two  corresj)onding  cylinder  shadows  for  one  tul>e 
position,  and,  i)roducing  them  till  they  meet,  we  obtain  that  point  on  the 

Trarticiil  lJa«lioL'raphy,  I>a\v])arn  ami  Wanl,  ^ubli^^hers,  1901. 
-  For  a  coiMprclu'iisive  (les(Ti|»ti«»ii  <>i  the  ai»j>aratiiH  and  its  nuxle  of  application, 
i\\v  rvAtU'Y  is  rcfernMl  to  Archives  <»t  tlie  lioiiti^en  Kay,  August,  HKX). 
*  Archives  of  the  R(>ntgen  Kay,  May,  ]90(). 
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plate  whicli  was  vertically  beneath  the  tube  focus  during  the  correspond- 
ing exposure.  Connecting  the  two  points  thus  found  with  the  corre- 
sponding shadows  of  the  foreign  body,  we  pbtain  two  lines  which  intersect 
in  a  point  which  is  vertically  below  the  actual  foreign  body." 

SherUan-s  Method.^ — For  such  cases  as  needles  or  bullets  in  the  hand, 
arm,  or  leg, — i,  e.,  in  parts  easily  manipulated, — no  special  apparatus  is 
required  and  no  photographic  process  involved.  Shenton  describes  his 
method  as  follows  :  ^^  Hold  the  part,  for  example,  a  hand  containing  a 
needle,  before  the  fluorescent  screen.  Start  with  the  screen  and  the 
anode  of  the  tube  as  nearly  parallel  as  possible.  When  needle  and  bones 
^e  distinctly  seen,  sway  the  screen  and  hand  from  side  to  side,  and  note 
the  change  in  relation  of  bones  and  needles.  It  is  evident  that  the  image 
of  whichever  is  furthest  from  you  and  from  the  surface  of  the  screen 
will  move  the  faster.  If  the  needle  moves  across  the  bones,  its  position  is 
deeper  than  the  bone  ;  if  bones  move  across  needle,  the  latter* s  position 
must  be  between  the  surface  of  the  screen  and  the  bone.  Should  the 
needle  appear  to  remain  stationary,  place  a  x)ointer  against  this  image  on 
the  screen,  and  ascei*tain  whether  it  moved  a  little  or  not  at  all.  Verify 
these  results  by  reversing  the  hand  and  repeating  the  manoeuvres.  A 
little  practice  enables  one  to  give  as  near  an  estimate  of  the  needle's  real 
depth  as  any  surgeon  could  require,  and  such  suggestions  as  'just  beneath 
the  palm,'  *  midway  between  bones  and  skin,'  Mower  end  between  the 
bones,'  *  upper  one-eighth  of  an  inch  between  the  skin  of  the  back  of 
the  hand,'  are,  in  my  experience,  sufficient  for  any  operator.  I  doubt 
if  a  cjilculation  in  millimetres  would  be  of  more  use.  The  body  is  an 
awkward  thing  to  apply  the  millimetre  scale  to,  and  a  little  pressure  on 
the  skin,  or  a  little  swelling  beneath  it,  will  ov^erthrow  such  minute 
calculations.  The  needle's  depth  being  ascertained,  it  only  remains  to 
find  its  position  in  the  horizontal  planes,  a  task  which  presents  few 
difficulties. 

**  When  found,  this  position  should  be  marked  upon  the  skin.  The 
advantages  of  this  method  are  its  rapidity  of  performance,  the  process 
taking  but  a  few  seconds,  and  the  economy  of  material,  both  photo- 
graphic and  electrical.  For  localization  in  other  parts  of  the  body,  and 
for  photographically  recording  results,  I  have  constructed  an  instrument 
which  in  principle  is  the  same  as  the  method  just  described,  save  that  the 
tube  is  swayed,  while  the  part  viewed  is  held  in  position  by  bands  and 
tension  springs.  The  tube  is  moved  by  the  observer  from  his  side  of  the 
screen,  the  distance  it  travels  being  regulated  by  sliding  steps.  A  fine 
vertical  wire  is  stretched  in  the  centre  of,  and  in  contact  with,  the  screen. 
The  image  of  the  foreign  body  is  to  correspond  with  this  line  when  the 
tube  is  in  the  mid-position.  Upon  moving  the  tube  from  the  extreme 
right  to  the  extreme  left,  the  image  of  the  foreign  body  on  the  screen  is 

'  Archives  of  the  Rontgen  Ray,  August,  1899. 


302  ELECTRO-THERAPEUTICS. 

seen  to  pass  from  leA;  to  right.  Its  relative  rate  of  travelling,  compared 
with  the  same  portion  of  bone,  is  noted  as  before.  For  acenrate  measure- 
ments the  true  position  assumed  by  the  foreign  body  is  marked  by 
];>eneil  on  a  cellnloid  film  in  contact  with  the  screen.  This  measorement 
being  secured,  the  distance  the  tube  travels,  and  the  distance  from  the 
mid-point  of  the  line  adjoining  the  two  extreme  positions  of  the  tube, 
must  be  ascertained.  A  simple  rule  of  three  will  now  give  the  distance 
of  the  object  sought  from  the  screen.'' 

Harrison's  Method.^ — "A  seven-inch  sc^uare  is  drawn  on  a  board  and 
its  centre  is  accurately  marked ;  at  the  ends  of  a  line  drawn  through  the 
centre,  perpendicular  to  two  of  the  sides,  two  upright  rods  are  fixed  (for 
convenience  of  carriage,  these  can  be  made  to  take  in  and  out) ;  at  a 
height  of  seven  inches  on  each  of  these  pillars,  a  hook  or  loop  is  placed. 
Take  the  case  of  a  needle  in  the  hand.  A  double  photograph  of  the 
needle  and  hand  is  taken  with  the  light  alternately  right  and  lelft.  A 
tracing  of  this  photograph  is  then  taken  on  the  sensitive  side,  marking 
distinctly  on  the  ends  of  the  needle.  The  tracing  is  then  placed  so  that 
its  centre  coincides  with  the  centre  of  the  square.  Pins  are  then  stuck, 
slantingly  through  the  tracing,  into  the  board  at  the  ends  of  the  needle. 
Cross  threads  are  carried  from  the  pins  to  the  loops  and  kept  stretched 
by  small  weights.  Where  these  threads  intersect  will  show  the  position 
of  the  needle  relatively  to  the  sensitive  plate,  which  is  represented  by 
the  tracing.'' 

Doidde  Form  Tube  Ijocalizatmu — This  method  wiis  devised  by  Ix^od- 
ard  ^  and  is  iis  follows  :  The  technic  required  for  triaugulation  methods 
preventeil  their  geiuTal  einploymeut,  and  to  simplify  the  application  of 
the  same  princii)les,  Leonard  has  had  made  a  tube  with  two  cathodes  and 
two  anodes,  and  liencc^  two  sources  of  rectilinear  rays.  This  avoids  errors 
when  the  position  of  the  tube  has  to  l)e  changed  or  separate  plates  used, 
and  it  hius  made  rapid  accurate  localization  with  the  fluoroscope  easy. 
The  Ihioroscopic  niethod  is  as  follows  :  Fix  the  screen  in  a  perpendicular 
position.  Place  the  tube  horizontally  so  that  the  mid-point  of  the  line 
connecting  the  two  sources  of  rays  is  perpendicular  to  the  plane  of  the 
screen,  and  at  a  known  distance  from  the  centre  of  the  screen  marked  by 
an  opaque  cross.  Place  the  limb  before  the  screen  so  that  the  two  shadows 
of  the  foreij^n  body  will  fall  equally  distant  on  each  side  of  the  opaque 
spot  and  on  the  same  line.  Mark  the  spot  in  the  patient's  skin  with 
nitrate  of  silver,  liy  placing  an  opaque  rod  on  the  other  side  of  the  limb, 
where  its  shadows  are  eciuidistant  from  the  opaque  spot,  the  perpendicu- 
lar Ls  found  and  niarkiMl  on  that  side.  The  foreign  body,  therefore,  lies 
on  this  line  at  a  distance  from  the  opa<iue  spot,  that  is  determined  by 
measuring   the   distance   between  the  two  shadows  with   calipers  and 

'  Hritish  Medical  Journal,  April  2,  189S. 
"American  X-ray  ,Ioiir.,  Ndveinber,  1899. 
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plotting  the  shadowy  paths  by  the  graphic  process,  as  when  plates  are 
employed;  or  by  the  cross-thread  method. 

Stereoscopic  Method.  —  This  method  has  already  been  discossed.  I 
employ  it,  as  it  has  yielded  satisfactory  results. 

Trianffulation  Method  of  Localizing  Foreign  Bodies  with  Measurement 
on  a  Graduated  *^  T"  Scale.  (Figs.  173,  174.)— In  order  to  find  the  depth 
of  the  foreign  body  on  the  scale,  bring  the  lower  bar  to  the  figure  10  on 
the  upright  Connect  a  line  at  20  on  the  uppermost  horizontal  bar,  inter- 
secting at  1.6  [DE]  on  the  middle  horizontal  bar,  which  registers  4.53cm. 
on  the  vertical  bar,  as  shown  in  the  following  formula : 

A  —  Position  of  the  tube  in  the  first  exposure. 

B  =  Position  of  the  tube  in  the  second  exposure. 

AB  =  Distance  of  the  displacement. 

C  =  Foreign  body. 

D    -  Shadow  of  the  foreign  body  on  the  plate  (first  exposure). 

E  —  Shadow  of  the  foreign  body  on  the  plate  (second  exposure). 

CA  -rr  60  cm.  —  CD. 

There  are  two  triangles,  =  CAB  and  CDE. 

DE  ^^1.6  cm.,  which  is  known. 

AB  -=  20  cm. 

CD  ^  CA     20  CD   -  2(60  cm.  —  CD) 

2  20"     20  CD  -.  (100  cm.  —  2CD) 

20  CD  4-         2  CD  -=  100  cm. 

22  CD  ^  100  cm. 

100 
CD  =   -   -  —  4.63,  distance  of  the  foreign  body. 

OrtJiodiagraphic  Localizer  of  Grashey. — Frequently  it  is  found  that 
foreign  bodies  imbedded  in  the  tissues  cannot  be  located  with  exactness, 
even  when  felt  beneath  the  skin,  or  when  Rontgen  photographs  are  taken 
in  different  projections,  because  of  the  possibility  of  the  foreign  body 
varying  its  position  to  the  bony  parts  from  minute  to  minute.  If  the 
hand  during  the  operation  is  not  kept  in  exactly  the  same  position  as 
during  the  taking  of  the  photograph,  then  the  projection  will  be  wrong. 
Recently  Dr.  R.  Grashey,  of  Munich,  devised  an  orthodiagraphic 
localizer.     (Fig.  175.) 

The  operator  sits  before  the  table  and  is  looking  with  one  eye  into 
the  tube,  and  he  sees  an  illuminated  picture  in  the  mirror  of  the  crysto- 
scope.  With  the  other  eye  (the  room  not  being  darkened)  he  can  look 
directly  at  the  wound.  The  current  is  interrupted  and  closed  by  the  help 
of  a  i)edal.  The  tube  is  enclosed  in  a  box,  containing  below  a  diaphragm, 
capable  of  effecting  so  small  an  opening  that  only  a  limited  field  of  opera- 
tion is  illuminated.  In  this  way,  and  by  a  plate  of  lead  glass  inserted  in 
the  front  wall  of  the  box,  the  operator  is  protected.  The  box  is  fixed  on 
a  support  connected  with  one  leg  of  the  table,  and  revolves  horizontally. 
Thus,  it  can  be  turned  aside  with  a  sterilized  cloth,  and  when  its  use  is 
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again  reiiuired  it  ^can  l^e  turned  )>ack.  and  it  will  be  at  once  over  the 
former  p^jnition,  above  the  fluoroscoi>e.  The  forearms  of  the  operator  rest 
comfortably  on  movable  supports. 

The  illustration  (Fig.  17G)  shows  the  path  of  the  rays  emanating 
from  the  anode  of  the  tube  E,  that  is  in  the  box  BK.  Through  the  oi>en- 
ing  By  in  the  diaphragm,  we  sc.'e  the  body  K,  containing  the  foreign  body 
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Via.  17;}.— "T"  M-ale  ii"-*-*!  in  Iriaimulalioii  inetluMl.      Fi«.,  171.-  Scheme  of  application  of  the  "T"  s<'ale. 


V.  upon  tho  fluoroscope  L,  inserted  on  the  table  O,  this  picture  is  ob- 
li(ju<*ly  n»n«»ct(Ml  by  the  mirror  S,  in  the  dark  chamber  D.  into  the  tele- 
scopic tube  T.  In  that  case  the  anode  focus  and  the  centre  of  the  fluo- 
roscoj)e  M,  mark(»d  by  a  little  shot  i)asted  on  it,  lie  vertically  one  b<»low 
the  other.  Thus  it  l)ecomes  easy  to  adjust  any  otlu^r  body  orthodiagniph- 
ically  in  line  with  th<»  normal  ray,  lus,  for  instance,  the  foreign  body  F 
contained  in  the  hand  K.  If  jou  move  the  jmint  of  a  knife  into  the 
ilhniiinated  picture  until  its  shadow  covers  that  of  the  shot  and  also 
the  forcijifu  body  that  has  previously  been  adjusted,  then  the  i)oint  of  the 
bhid(5  must  In.",  exactly  alH)ve  that  of  the  foreign  body. 


CHAPTER   IV 

APPLICATION  OF  THE  X-RAYS  IN  DISEASES  OF  THE 

THORACIC  ORGANS. 

This  is  subdivided  into  the  respiratory  and  cirtmlatofi/  systems. 

The  value  of  the  X-ray  as  a  diagnostic  agent  in  thbracic  examinations 
has  been  and  is  being  constantly  demonstrated.  The  thorax  and  its 
contained  viscera  are  easy  of  examination  both  by  the  fluoroscope  and 
skiagram,  largely  due  to  the  circumstance  that  the  lungs  are  transparent 
to  the  rays.  By  a  fluoroscopic  examination  we  observe  the  excursions  of 
the  diaphragm,  the  expansion  and  retraction  of  the  lungs  and  ribs,  the 
different  phases  of  the  cardiac  cycle,  and  the  pulsations  of  the  aorta. 

The  fluoroscopic  interpretation  is  not  the  work  of  the  novice.  The 
beginner  should  first  study  the  thoracic  viscera  fluoroscopically  upon  thin 
subjects  and  children,  so  as  to  accustom  himself  to  the  appearances 
presented  normally. 

The  two  methods  of  examination  are  with  the  fluoroscope  and  the 
skiagram.  The  advantages  of  the  fluoroscope  are  these ;  it  is  inexi)en- 
sive,  easy  of  application,  the  part  may  be  viewed  from  any  direction, 
the  intensity  of  the  rays  can  be  altered,  the  position  of  the  patient,  tube, 
and  fluoroscope  can  be  changed,  movements  of  the  thorax  and  its  con- 
tained viscera  can  be  studied  and  tracings  made  of  their  shape,  size,  and 
position.  The  disadvantages  are  the  lial)ilities  to  burns,  the  lack  of 
differentiation  of  the  tissues  of  slightly  varying  densities,  and  the  fact  that 
the  image  is  only  transient. 

I.  Fluoroscopic  Examinations. 

Anterior  and  Posterior  VincH. — The  screen,  in  an  anterior  view  of  the 
chest,  shows  a  dark  zone  extending  from  the  base  of  the  neck  to  the 
diaphragm,  a  little  to  each  side  of  the  median  line  of  the  body  ;  this  is 
the  shadow  cast  by  the  dorsal  vertebne,  sternum,  and  heart.  On  both 
sides  of  this  dark  zone  are  the  much  lighter  shadows  produced  by 
the  lungs ;  travei^sing  the  lung  sliadows,  on  both  sides  from  the  shadow 
cast  by  the  spine,  are  successive  darker  bands,  the  ribs.  The  heart's 
pulsations,  its  position,  shape,  and  size  can  all  be  viewed  by  careful  screen 
examinations.  The  ventricular  chambers  always  present  a  dark  shadow, 
the  right  auricle  giving  usually  a  lighter  shallow  than  the  left.  Above 
the  shadow  of  the  ventricles  and  slightly  to  the  left  is  the  shadow  of  the 
pulmonary  artery.  In  the  fii*st  left  intercostal  space  may  be  seen  a  part 
of  the  arch  of  the  aorta.  The  shadow  of  the  heart's  apex  will  be  oljserved 
to  blend  with  the  shadow  of  the  diaphragm.     The  border  of  the  pulsating 
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heart  presents  a  slightly  lighter  shadow  than  its  interior.  The  cardiac 
oatline  is  best  viewed  through  the  anterior  thoracic  wall.  A  posterior 
view  of  the  heart  is  less  distinct,  because  of  the  intervening  spine  and 
lungs  and  of  its  anterior  position  in  the  chest  cavity. 

In  a  posterior  view,  a  dark  shadow  corresponding  to  the  left  side  of 
the  heart  is  seen  to  the  left  of  the  spine,  and  a  smaller  and  slightly  less 
distinct  but  denser  shadow  of  the  right  auricle  is  seen  to  the  right  of  that 
produced  by  the  spine.  The  organs  of  the  thorax,  represented  on  the 
screen,  may  be  easily  recorded  in  the  following  manner :  The  operator 
should  employ  a  screen  of  sufficiently  large  dimensions  to  cover  the  entire 
chest,  and  upon  whose  dorsal  aspect  has  been  placed  a  sheet  of  white  linen 
writing  paper.  In  order  to  maintain  a  constantly  steady  position  of  the 
screen  for  a  uniform  and  correct  tracing,  the  patient  should  be  seated 
comfortably,  so  that  he  may  not  move.  The  screen  should  be  supported 
by  a  movable  frame  fastened  to  the  arm,  coming  from  a  metallic  upright 
free  from  all  undue  vibrations,  as  otherwise  the  examination  will  prove 
unsatisfactory.  The  screen  having  been  placed  either  in  front  or  in  back 
of  the  patient's  thorax  (leaving  1  inch  (2.5  cm.)  space  between  the  screen 
and  chest),  we  are  ready  to  trace  on  the  paper  the  image  cast  on  the 
screen  by  the  use  of  an  opaque  pencil,  preferably  one  that  is  indelible.  I 
believe,  however,  that  the  orthodiagraph  is  always  more  desirable. 

Lateral  and  Oblique  Views. — In  the  lateral  view,  especially  when  seen 
from  the  patient's  left  side,  the  operator  observes  the  heart  in  contact 
with  the  anterior  chest  wall,  also  the  profile  view  of  the  heai't,  the  aorta 
arching  backward  to  approach  the  vertebral  column,  and  an  unobstructed 
interval  between  the  posterior  part  of  the  heart  and  the  spine. 

The  oblique  view,  which  can  be  anterolateral  or  postero- lateral,  right 
or  left,  is  taken  with  the  fluoroscope  at  an  angle  of  about  45°  to  the 
vertical  axis  of  the  body.  This  view  is  of  value  in  an  obscure  diagnosis, 
in  furnishing  additional  and  often  confirmatory  data. 

Uxamirudion  of  the  Lungs. — The  image  of  a  normal  lung,  on  a  fluores- 
cent screen  or  fluoroscope,  is  bright,  the  rays  penetrating  with  less  resist- 
ance the  spongy  tissue  than  ordinary  dense  tissue.  This  brightness  of 
the  screen  differs  in  degree  during  the  various  stages  of  respiration. 
When  the  lungs  are  inflated  to  their  fullest  extent,  there  is  represented 
on  the  screen  a  uniform  bright  light  shadow.  At  the  end  of  the  fullest 
expiration  the  above  degree  of  brightness  has  considerably  diminished, 
as  the  lung  tissue  has  become  more  compact.  Between  these  two  extremes 
there  is  a  medium  degree  of  brightness,  obtained  when  respiration  has 
temporarily  been  halted  midway  between  inspiration  and  expiration. 

As  we  would  also  naturally  expect,  in  children  and  in  thin  adults  the 
lungs  appear  brighter  on  the  screen  than  in  muscular  or  corpulent  indi- 
viduals. In  the  latter  class  of  cases,  as  more  tissue  must  necessarily  be 
traversed  by  the  rays,  there  is  more  chance  for  their  absorption,  hence 
the  giving  of  more  *•  shadow." 
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In  examining  a  lung  from  below  upward,  the  brightness  of  the 
shadow  very  slightly  increases  as  we  approach  the  apex.  Usually  the 
right  lung  presents  a  slightly  lessened  degree  of  shadow  brightness  as 
compared  with  the  left.  The  shadow  of  the  right  apex  in  normal  cases 
is  always  darker  than  the  left.  No  satisfactory  explanation  has  ever 
been  given  concerning  this  difference.  Some  authorities  maintain  that 
it  is  due  to  a  slight  hypertrophy  of  the  muscle  tissue  of  the  right  side 
of  the  chest.  It  is  more  marked  in  right-handed  people,  and  we  might 
naturally  infer  that  the  opposite  would  be  true  in  left-handed  i)eople, 
although  observations  on  such  subjects  have  also  proved  the  contrary  to 
be  the  case. 

Normal  Heart  and  Diaphragm. — Dr.  F.  H.  Williams  *  states  that  the 
radioscopie  appearances  of  the  normal  heart  and  diaphragm  as  seen  by 
a  screen  examination  in  the  anterior  view  are  the  following : 

**In  health  the  diaphragm  moves  as  follows :  Quiet  breathing,  one- 
half  inch  (1.3  cm.)  ;  at  full  inspiration  2i  to  3  inches  (6.5-7.5  cm.),  and 
slightly  more  on  the  right  than  on  the  left  side.  A  part  of  the  aorta  in 
some  patients  may  be  observed  in  the  first  intercostal  space  ;  in  the  sec- 
ond intercostal  space  a  portion  of  the  pulmonary  artery  ;  the  left  border  of 
the  ventricle  is  chiefly  seen  during  a  full  inspiration,  when  the  apex  and 
a  portion  of  the  lower  border  are  also  visible  ;  the  maximum  pulsation 
is  at  a  point  corresponding  to  the  cavity  of  the  ventricle,  about  where  its 
outline  crosses  the  fourth  rib  ;  during  full  inspiration  the  heart  moves 
downward  to  the  sternum.  To  the  right  of  the  sternum  the  outline  of 
the  large  vessels  is  seen  and,  less  distinctly,  the  right  auricle  between  the 
second  and  fourth  ribs.  The  right  auriculo- ventricular  line  curves,  with 
a  slight  indentation,  from  the  second  to  the  sixth  ribs  inclusive.  During 
the  momentary  elevation  of  the  diaphragm  this  line  is  pushed  upward 
and  outward.  During  a  forced  depression  of  the  diaphragm  it  elougjites 
and  is  carried  downward  and  inward  toward  the  sternum.  Under  ordi- 
nary conditions  we  find  the  lowermost  portion  of  the  heart's  shadow  fus 
ing  with  that  of  the  liver  and  the  diaphragm/' 

Dr.  Albert  Abrams '  Siiys  :  ''The  average  normal  excui*sion  of  the 
diaphragm  in  quiet  breathing  is  five-eighths  of  an  inch  or  15  cm. ;  between 
full  inspiration  and  expiration,  on  the  right  side,  2§  inches  or  (about)  ().7 
cm.;  left  side,  2 J  inches  or  7  cm. 

'*  In  long-chested  i)ersons  diaphragmatic  excursions  are  greater  than 
in  short  pei*sons  with  deep  chests.'' 

MruHumncnl  of  the  Diaphvagmatir  Incursion. — Dr.  H.  Guillemiuot  ^ 
says:  *'On  account  of  the  slope  of  the  diaphragm  backward  and  down- 
ward, the  highest  x)<)int  of  the  diaphragmatic  arch  is  nearer  the  anterior 
than  the  posterior  surface  of  the  body.     Moreover,  the  x>oint  of  contact 

'Th(»  Ront^'on  Rays  in  Medicine  and  Surgery. 

'Journal  of  the  American  Medical  Association,  May  'i,  1902. 

^  Archives  of  the  K'Hit^en  Ray,  January,  VMM\. 
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of  the  tangent  ray  is  displaced  with  the  movement  of  the  diaphragm, 
and  this  displacement  varies  with  the  subject  and  with  the  distance  of 
the  anti-cathode.  All  these  cases  of  error  are  avoided  by  the  use  of 
orthodiascopy."  He,  in  collaboration  with  M.  Vannier,  obtained  a 
tabulation  of  23  cases,  comprising  normal  lungs  and  tuberculous  lungs  in 
every  stage.  From  their  observations  they  arrived  at  the  following 
conclusions : 

1.  ^'  On  the  right  side  the  mean  position  of  the  diaphragmatic  curve 
is  16.5  cm.  below  the  suprasternal  line,  and  on  the  left  side  it  is  18.5 
cm.  below  that  line. 

2.  ^^  The  normal  amplitude  of  the  diaphragmatic  incursion  is  from 
16  to  18  mm.     It  is  approximately  equal  on  the  two  sides. 

3.  "  Any  variation  in  the  amount  of  the  incursion  on  the  right  and 
left  sides  is  a  pathological  symptom,  and  in  most  cases  has  a  serious 
clinical  significance. 

^^  The  ratio  between  the  amplitude  of  the  diaphragmatic  incursion 
and  the  costal  angle  depends  greatly  on  the  type  of  respiration,  whether 
costal  or  abnormal. 

'^The  inequality  of  the  incursion  of  the  diaphragm  on  the  right  and 
left  sides  is  an  important  aid  to  diagnosis." 

The  Measurement  of  the  Costal  Angle, — Guilleminot  has  shown  the 
possibility  of  radiographing  the  thorax  in  inspiration  or  in  expiration. 
This  may  be  accomplished  by  dissociating  the  phases  of  inspiration  and 
of  expiration  by  means  of  an  automatic  interrupter.^  By  this  means 
one  can  obtain  a  cinemato-radiograph  of  the  respiration.  On  these 
radiographs  one  may  measure  the  obliquity  of  the  ribs  between  two 
points  on  the  upper  margin  of  the  rib  at  a  distance  of  1}  and  2^  inches 
(4  and  8  cm.),  resi)ectively,  from  the  median  line.  If  we  now  take  any 
horizontal  line  and  measure  the  vertical  distances  of  these  two  points, 
the  difference  of  the  two  ordinates  will  give  us  the  obliquity  of  the 
rib  for  a  distance  of  4  cm.,  and  this  divided  by  4  will  give  us  the 
obliquity  per  centimetre.  This  is  the  cotangent  of  the  angle  with  the 
vertical,  made  by  a  line  passing  through  the  given  points. 

*'By  this  means  it  is  easy  to  determine  the  costal  angles  of  inspira- 
tion and  of  expiration.  Their  difference  is  the  functional  costal  angle, 
which  may  vary  from  3°  to  5°. 

^'The  orthodiascopic  procedure  is  much  more  simple. 

^'With  practice  one  is  able  to  distinguish  the  projection  of  the  up- 
per border  of  a  rib  at  its  position  of  maximum  elevation  and  depression 
while  the  patient  breathes  rather  deeply. 

*^  In  each  case  it  is  important  to  note  accurately  the  physiological 
type  of  the  respiration,  which  may  vary  in  all  possible  degrees  between 
the  abdominal    and  the   superior  costal  type.     For  this  purpose  the 

*  Comptes-rend.  Acad.  Science,  June  12,  1899. 
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tracing  of  the  costal  range  shoald  be  accompanied  by  a  tracing  of  the 
diaphragmatic  incursion. 

''If  we  take  the  means  of   these  measarements,  we  obtain  the 
following  results  : 


{Inspiration,  77J°  j 
V  Mean  position,  74] 
Expiration,  72i°j 


f  Inspiration,  76|°  ) 


•r  I  so 


Right  -j  y  Mean  po^^ition,  74  f 

t  Expiration,  73  °  j 

"In  these  observations  the  mean  angle  is  the  angle  which  the 
rib  makes  with  the  vertical  when  it  is  in  a  position  midway  between 
inspiration  and  expiration. 

"The  absolute  coincidence  of  the  mean  angles  on  the  right  and  left 
sides  is  certainly  accidental,  there  being  considerable  divergence  in  cer- 
tain instances. 

"The  mean  costal  angle  may  therefore  be  said  to  be  appi-oximately 
equal  on  the  two  sides,  and  to  be  about  74°  to  75* 


xo 


(  Left,     78.6°  1 
Inspiration   \  \  Mean,  78.2 

i  Right,  77.8°  j 

f  I^ft,     72.7°  )  I 

Expiration    \  V  Mean,  72.8°  j 

I  Right,  72.9°  J 


1 

J^  Difference  —  6.4*» 


"The  functional  costal  angle,  therefore,  in  healthy  subjects  is  e<iu;il 
on  the  right  and  left  sides,  and  usually  varies  between  5°  and  6°.'^ 

CauHCH  of  the  Eestriction  of  the  Diaphragmatic  Wave, — Albert  Abranis* 
says,  in  this  connection:  ^'The  restricted  diaphragmatic  movements 
must  be  regarded  as  very  suspicious  of  x^htbisis.  This  sign,  first  referre<l 
to  bj'  Williams,  of  Boston,  has  had  no  theory  advanced  to  explain  its 
existence.  I  will  briefly  summarize  my  investigations  which  g*ave  birth 
to  the  theory  that  an  emphysematous  condition  of  the  lungs  exists  in 
phthisis.  Kokitansky  and  Brehnier  noted  that  lungs  too  voluminous 
coupled  with  a  small  heart  characterized  the  phthisical  habitus.  If  the 
physician  were  to  depend  on  percussion  dulness  as  an  evidence  of  early 
phthisi.s,  the  afifection  would  never  be  recognized  ;  lung  resonance,  not 
duln«\ss,  is  the  early  j)hysical  sign  of  phthisis.  The  rays  are  invaluable 
in  the  recognition  of  emphysema ;  in  this  condition,  the  luugs  seem  too 
larg(*  for  the  chest,  the  diaphragm  is  low  and  its  excursions  restricteil." 

I>ifseafirs  of  the  Diaphragm.  —  ^'In  spasm ^**  says  Abrams,  "dia- 
phragmatic movements  are  practically  suspended  on  the  affected  side. 

'Journal  of  the  American  Medical  Association,  May  3,  1902. 
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Suddenly  the  diaphragm  contracts  and  descends  several  inches  below  its 
normal  descent.  Singultus  may  accompany  the  descent,  whilst  cyanosis 
and  dyspnoea  become  intense.  In  paralysis,  movements  of  diaphragm 
on  the  affected  side  are  suspended ;  during  inspiration,  the  midriff  rises. 
In  diaphragmatic  pleurisy,  movements  of  the  diaphragm  are  very  much 
restricted  or  even  suspended.  The  upper  part  of  the  lung  is  brighter 
than  normal,  owing  to  over-distention. 

^^  Average  Normal  Excursion  of  the  Diaphragm. — In  quiet  breathing, 
\\  centimeters ;  between  full  inspiration  and  expiration,  6.7  cm.  on  the 
right  side  and  about  7  cm.  on  the  left  side.  In  long-chested  persons 
the  diaphragmatic  excursions  are  greater  than  in  short  persons  with 
deep  chest. 

*'  Width  of  the  Normal  Heart, — With  the  screen  about  75  cm.  from 
the  tube  and  with  the  target  directed  toward  a  point  where  the  median 
line  is  crossed  by  the  fourth  rib,  the  right  heart  measures  3  cm.  from  the 
median  line,  and  the  left  heart  8.5  cm.  from  the  median  line  ;  a  total 
of  11.5  cm.'' 

II.  Skiagraphic  Examinations. 

The  lungs  may  be  examined  in  two  ways,  fluoroscopically  and  skia- 
graphically.  What  is  stated  below  regarding  the  methods  of  examination 
is  equally  true  for  both  the  normal  and  abnormal  lung. 

Position  of  the  Patient, — Skiagrams  of  the  lungs  may  be  made  with  the 
patient  either  in  the  sitting,  semi-recumbent,  or  dorsal  decubitus  posture. 
In  my  experience  the  latter  has  always  proved  to  be  the  more  satisfactory 
of  the  two.  The  patient  is  requested  to  remove  all  clothing  covering  the 
thorax,  in  some  cases  not  even  permitting  the  retention  of  a  garment 
next  to  the  skin. 

When  the  dorsal  decubitus  position  cannot  be  taken,  the  patient 
starting  to  cough,  or  if  he  is  suffering  from  dyspnoea,  he  should  be  re- 
quested to  resume  the  semi-recumbent  posture,  having  the  head-end  of 
the  table  elevated  to  an  angle  of  45°,  so  as  to  insure  greater  comfort  and 
also  in  a  measure  to  remove  the  pressure  exerted  upon  the  diaphragm 
and  the  adjacent  lungs.  I  always  request  the  patient  to  elevate  the  arms 
and  clasp  the  hands  over  the  head,  in  order  to  raise  the  scapulse  and 
thus  remove  their  shadows  from  the  shadow  of  the  thorax. 

Place  two  sui)erimposed  sensitive  plates,  well  protected  by  a  thin 
layer  of  celluloid,  under  the  patient's  thorax.  The  size  of  the  plates 
employed  will  depend  upon  the  size  of  the  patient's  chest ;  the  plate 
should  be  slightly  larger  than  the  chest  itself  so  as  to  extend  on  both 
sides  about  two  inches  beyond  its  outer  margins. 

The  tube  should  be  placed  with  the  target  pointing  directly  toward 
the  centre  of  the  whole  thorax  and  from  20  to  25  inches  (50  to  63  cm. ) 
distant  from  the  plate,  depending  upon  the  thickness  of  the  chest  and  the 
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penetrative  power  of  the  tube.  The  cathode  stem  of  the  tube  shoald 
extend  toward  the  foot  ead  of  the  table,  to  prevent  alarming  the  patient 
by  the  sparking  that  necessarily  occurs  in  self-regulating  tnbes. 
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Timi- of  AVjiiwinr.  — Ex|msiii'e  blimild  Ik' as  nipid  its  possible,  otlier- 
wisp  the  inccssiiiil  motions  i>f  the  thoracic  viscera  will  cause  a  blurred 
Bh:ulow,  Forinorly  this  olistitcle  wiis  partially  overcome  by  telling  the 
piilicnt  to  take  a  deep  inspiration  and  to  "hold"'  the  breath,  I  then  to<)k 
a  sliort  exposure  (5  or  10  wconds),  repeating  the  pi-ocess  five  or  six  times 
in  iHie  or  two  niinntes.  Bnt  this  method  hiis  been  greatly  iuiprove<l  upon, 
by  tlie  instant  an  I -oils  prc>oes.s.  Rjvdiogniplis  of  the  thorax  have  l>een 
nijuie  by  Von  Ziemssen  and  Kieder  in  one  second  of  time,  by  the  appli- 
cation (if  thi'  Kascnthal  method.'  Rosenthal  employs  a  Volt-Ohm  appa- 
nitnH,  with  a  fiO  centimetre  <'oil,  an  eh-cfrolytio  interrupter,  and  a  Voh- 
Ohm  IntH".  Th<'  time  of  exposure  is  shin-tened  liy  the  use  of  two  intensi- 
fying screens,  one  being  planwl  with  its  coated  «ide  against  the  ciwte*! 
side  of  the  (ilm  and  the  Schlenssner  film  then  laid  K'tween  the  intensi- 
fyin;,'  scn-eiis,  the  coated  sides  of  whieh  are  toward  the  photographic 
lilm,  Tiiese  are  llien  encloseil  in  three  lifjlit  tifiht  envelopes.  The  pa- 
tient lies  on  his  abihimen  or  lia<-k   npim   the  ].hotiifrniphie  jilate.  or  the 
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plate  is  placed  upon  the  particular  part  desired  to  be  photographed,  and 
the  current  is  opened  for  a  moment  and  as  quickly  closed.  The  plates 
are  then  removed  and  developed  in  the  usual  manner.' 

III.  Clinical  Applications. 

A.  Diseases  of  the  Bronchi  and  Lungs. 

The  X-rays  have  proved  themselves  invaluable  in  diagnosticating 
pulmonary  affections  and  conditions,  affording  in  many  cases  confirm- 
atory evidence  and  guiding  the  practitioner  in  numerous  incipient  condi- 
tions into  a  correct  understanding  of  the  pathological  changes  present. 
Early  in  the  progress  of  pulmonary  diseases,  where  marked  changes  are 
not  fully  in  evidence,  the  usual  physical  methods  employed  often  fail  to 
elicit  the  proper  pathognomonic  signs,  and  it  is  here  that  the  X-rays  serve 
as  a  most  valuable  adjunct. 

Bronchitis. — Most  cases  of  bronchitis  fail  to  show  the  normal  bright- 
ness of  the  lung,  when  free  secretion  is  once  established.  The  character- 
istic clouding  is  usually  limited  to  the  lower  two-thirds  of  both  lungs. 
In  this  affection  the  excursions  of  the  diaphragm  are  usually  unrestricted, 
except  where  the  smaller  bronchial  tubes  are  obstructed  by  an  exudate. 
If  the  patient  is  instructed  to  cough,  the  secreted  material  may  be  expec- 
torated or  else  temporarily  removed  from  the  lower  portion  of  the  lung ; 
thus  permitting  the  excuraions  of  the  diaphragm  to  be  more  perfectly 
restored.  In  chronic  bronchitis,  with  considerable  coughing,  there  is 
likely  to  be  some  dilatation  of  the  right  ventricle.  If  the  bronchitis  is  of 
tuberculous  origin,  small  shadows  of  the  involved  areas  are  usually  con- 
fined to  the  apical  regions.  In  bronchitis  associated  with  influenza,  a 
few  localized  shadows  may  be  discerned,  which  are  really  the  complicat- 
ing foci  of  a  lobular  pneumonia. 

Bronchiectasis, — This  condition  in  itself  does  not  produce  any  shadows 
on  the  screen  or  skiagram,  unless  the  adjacent  lung  tissue  is  consolidated 
or  infiltrated  with  calcareous  substances.  When  studying  this  condition, 
the  patient  should  be  examined  in  various  positions  and  from  all  direc- 
tions. The  shadows  of  bronchiectatic  areas  are  generally  found  in  the 
middle  and  lower  thirds  of  the  lung,  and  are  usually  posterior.  In  un- 
complicate<i  cases  of  bronchiectasis  there  are  no  causes  for  restriction  in 

'  In  1905,  during  the  Rontgen  Congress  in  Berlin,  Drs.  Rosenthal  and  Rieder,  of 
Munich,  exhibited  skiagrams  of  thoraxes  which  were  taken  with  an  exposure  of 
one-tenth  ( jV )  <^^  *  second. 

In  1901,  Mr.  Isenthal  (Archives  of  the  Rontgen  Ray,  vol.  v..  No.  5)  exhibited  in 
London  instantaneous  skiagnmis  ;  in  1904, 1)r.  Henry  Hulst,  of  Clrand  Rapids,  ^lich., 
read  a  paper  before  tlie  American  Rijntgen  Ray  Society  in  wliich  he  likewise  showed 
instantaneous  skiagrams  of  the  thorax  ;  in  1904  I  experimented  with  different  methods 
on  the  same  patient  at  the  Philadelpliia  Hospital,  and  arrived  at  the  above  conclu- 
sions. See  tabulation,  page  312.  (Transactions  of  the  American  Rontgen  Ray  Soci- 
ety, 1904.) 
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the  movementa  of  Uie  diaphragm.  If,  hoireTer,  an  emphysema  be  pres-' 
«it^  Uieo  the  exonrsions  vill  be  restricted,  and  t)ie  midriff  nill  be 
observed  to  oocapy  a  lower  positioa.  As  a  result  of  a.  purely  broiichicc- 
tatic  condition,  the  heart  Tei7  rarely  changes  its  shbpe,  size,  or  position. 
If  BOOh  a  cavity  is  healiog,  a  oonsiderable  qoantity  of  scar  tissue  Ls 
gradoally  developed,  vhioh,  by  oontaraction,  nuqr  displiu'e  the  heart 
tmm  its  normal  position.  In  a  complirating  enipli>-seiiia  the  beart  is 
dlBplaoed  by  the  latter  and  not  by  &e  bronohleotiitic  disease.  If  the 
chest  is  examined  before  the  bronchiectatlo  cavity  li:is  l)een  empti«<I 
1^  conghing  (the  best  time  for  examination  of  this  condition  being 
after  the  patient  has  been  resting  in  the  recombent  position  fur  several 
boon),  a  distinct  shadoir  corrotpondiDg  to  tiie  cavity  is  very  ei»ily 
seen,  follored  by  a  Inighter  appearance  as  soon  as  the  coiiteats  have 
been  evaonated. 

D.  B.  King '  fomishee  notes  on  20  cases  stadied  by  ttte  Bontgen  ra^ 
in  addition  to  the  other  nsoal  methods  of  examination.  In  each  instanee 
the  endeavor  vas  made  to  detect  the  presence  or  absence  of  (1)  dilated 
Iffonchi.  In  advanced  cases  vbere  the  bronchi  were  maoh  dilated,  as 
shown  by  the  st^ihoeoope  or  at  aatopey,  the  Bontgen  rays  foiled  to  rerveal 
their  presence.  (2)  In  cases  of  saoonlar  cavities.  Here  the  rays  Mled  to 
reveal  such  cavities,  probably  because  of  the  associated  fibrosis  of  the 
lang.  (3)  The  condition  of  the  Inng  tissue.  FilwosiB  of  the  long  was 
shown  by  increased  intensity  of  the  sliadows.  (4)  The  presence  of  fbreiga 
bodies.  For  the  detection  of  foreign  bodies  in  the  bronchi,  tlie  lays  are 
of  ondoubted  value.  (6)  Study  of  the  action  of  the  diaphragm,  'nils  was 
fonnd  to  be  impaired  or  obscured,  depending  upon  the  degree  of  change 
in  the  lung.  King  states  that  the  general  value  of  Bontgen  ray  examina- 
tion in  cases  of  bronchiectasis  is  sufficient  to  warrant  its  employment  ou 
more  than  one  occasion,  though  this  may  give  no  further  information  as 
to  the  real  nature  of  the  case  than  is  furnislied  by  ordinary  clinical 
methods. 

Asthma.  —  In  astlima  the  lungs  cast  a  brighter  shadow  than  the 
normal,  extending  higher  up  and  lower  down  in  the  thoracic  cavity. 
The  position  of  tlie  diaphragm  is  observed  to  be  low,  and  its  movements 
much  retarded.  It  is  interesting  to  study  a  paroxysm  of  asthma 
while  the  rays  are  penetrating  the  thorax.  Such  a  paroxysm  can  be 
provoked  by  iiyecting  cold  water  into  the  nasal  chambere  or  by  packing 
the  nostrils  with  cotton.  During  a  paroxysm,  the  lungs  look  very 
similar  to  tlie  condition  seen  in  emphysema,  differing  however  from  the 
latter  in  that  there  is  a  complete  Hxatiou  of  the  diaphragm ;  the  disap- 
pearance of  the  paroxysms  being  evidenced  by  the  restoration  of  the 
lungs  to  their  natural  shadow  brightness.  The  heart  occupies  a  lower 
position  and   moves   less   frequently   during   inspiration  than   it  does 
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normally;  the  right  ventricle  is  much  increased  in  size,  and  the  outlines 
of  the  heart  are  unusually  clear  cut  and  sharp,  owing  to  the  brightness 
of  the  lungs  during  a  paroxysm. 

Emphysema. — In  this  affection  the  pulmonary  area  is  increased,  and 
when  viewed  with  a  screen  it  is  much  lighter  than  is  the  normal  lung. 
This  area  of  brightness  reaches  high  above  the  claWcles,  and  at  the  same 
time  it  extends  downward,  depressing  the  diaphragm.  It  is  said  by  some 
that  the  diaphragm  presents  two  more  or  less  distinct  curves  (one  on  each 
side),  instead  of  one  large  curve  as  is  seen  normally. 

During  ordinary  quiet  breathing,  the  diaphi'agm  appears  to  descend 
very  low  in  the  thorax,  though  in  a  forced  expiration  it  ascends  to  a 
higher  level.  In  pneumonia  of  one  lung  there  is  generally  a  compensatory 
emphysema  of  the  other,  the  emphysematous  lung  appears  much  brighter 
on  the  screen  than  it  does  in  health.  The  area  of  the  heart  when  viewed 
with  the  screen  is  very  nicely  defined  in  emphysema.  The  dark  shadow 
produced  by  the  heart  stands  out  boldly  against  the  much  lighter  field 
produced  by  the  emphysematous  lung.  The  heart  occupies  a  lower 
position  in  the  chest  and  assumes  a  more  vertical  direction  than  when  the 
lung  is  normal.  In  the  severer  type  of  emphysema  the  screen  shows 
both  the  right  auricle  and  the  right  ventricle  to  be  much  enlarged.  If 
tuberculosis  is  a  complication,  the  pulmonary  brightness  appears  spotted 
by  irregular  darkened  shadow  areas,  usually  confined  to  one  or  the  other 
apex  and  occasionally  involving  both. 

Broncho- Pneumonia. — In  broncho-pneumonia  circumscribed  shadows 
widely  scattered  throughout  the  lungs  are  observed  on  the  screen,  with 
an  occasional  coalescence  of  the  circumscribed  foci.  Under  such  circum- 
stances the  shadows  are  usually  limited  to  the  middle  and  lower  lobes  and 
are  seldom  found  in  the  apical  regions.  The  diaphi-agm  frequently 
occupies  a  very  high  position,  especially  during  inspiration,  with  great 
restriction  of  diaphragmatic  movements.  If  there  are  no  complications, 
the  heart  does  not  change  its  position.  Shadows  are  occasionally  pro- 
duced in  certain  portions  by  the  collapse  of  the  lung  tissue;  coughing  and 
deep  breathing  cause  their  evanescence. 

Pulmormry  Tubercidoma.  —  The  shadow  on  the  screen  of  an  early 
pulmonary  tuberculous  lesion  is  difficult  of  interpretation. 

Two  very  importaut  signs  that  may  be  elicited  by  the  rays,  are  a 
slightly  restricted  diaphragmatic  movement  on  the  involved  side  (Wil- 
liams' sign),  and  the  hazy,  darkened,  and  occasionally  emphysematous 
appearance  of  the  lungs.  As  restricted  movements  of  the  diaphragm 
frequently  indicate  an  incipient  tuberculosis,  they  should  always  be  re- 
garded with  suspicion. 

To  determine  the  presence  of  Williams'  sign,  fii-st  view  the  excm-sions 
of  the  diaphragm  during  ordinary  breathing,  and  mark  the  highest  ele- 
vation on  the  lower  chest  by  means  of  an  indelible  i)encil.  This  tracing 
should  be  made  on  both  sides  of  the  chest  wall.     This  quiet  breathing 
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%\ttm\A  \tiH  fo\UfW0sil  \fy  a  falL  deep  io^uadoii.  and  the  lovest  point  to 
whkfh  tbe  diapbragm  descends  ehoold  be  noted  in  a  similar  manner,  and 
Vtki^wim  on  UXb  iiide«. 

Two  or  three  ^leep  infipirations  sacceseiveij  following  one  another 
may  fie  riecemary  to  bring  oat  the  lowest  point  to  which  the  diaphragm 
deiif^#fD#K  The  patient  next  expires  as  deeply  as  possible,  and  the 
hi^lieMt  iKiirit  attained  b>'  the  diaphragm  is  traced  in  a  similar  manner. 
When  the  excnrsion  from  a  deep  expiration  to  a  deep  inspiration  is 
diminij^he'l  on  one  or  the  other  side,  there  is  also  a  diminished  excursion 
of  the  diaphragm  daring  ordinary  breathing  on  the  affected  side.  The 
fa^ft  that  the  cliaphragm  rises  somewhat  higher  on  the  side  of  the  lesion 
during  a  forc^ed  expiration,  should  not  be  overlooked.  In  advanced 
enrnm  of  tulxsrculwis  the  side  of  the  diaphragm  corresponding  to  the 
affer^ted  side  always  rises  much  higher  than  does  the  normal  side,  though 
at  the  same  time  the  exearsion  up  and  down  is  continually  diminished. 
If  one  Inng  is  jmrtially  or  wholly  diseased,  the  diaphragmatic  excursion 
on  the  H^iund  side  is  slightly  increased,  as  compared  with  the  affected 
sid#%  The  higher  prjsition  of  the  diaphragm  taken  in  advanced  cases, 
would  WM?m  to  1)0  due  to  a  degeneration  or  shrinkage  of  the  lung  tissue 
on  the  diseasi'd  side ;  the  excursions  may  also  be  diminished  during 
H'Mjii ration  by  aclhesion  between  the  lung  and  diaphragm,  or  by  an 
iniTimsed  quantity  of  air  entering  the  organ,  resulting  from  a  paren- 
chyniatx>UH  (U«8truction,  etc.  An  exact  study  of  the  diaphragm's  move- 
iiMMitH  JH  jMThaps  most  Hiitisfactorily  conducted  by  a  careful  fluoroscopic 
I'xaiiiiiiiition. 

'Vhit  liJizy,  (IjirkciH'd  appearance  of  pulmonary  lesions,  especially 
(»f  the  in<'ipient  tuberculous  stage,  should  always  be  studied  from 
above  downward,  commencing  at  the  apices.  All  bazy,  darkened 
aieas  on  th(^  screen  should  be  outlined  on  the  skin  by  an  indelible  pencil 
Of  navon. 

Thes(^  an'!  usually  brought  out  more  distinctly  after  a  full  inspira- 
tion. In  attempting  to  detect  such  a  hazy  area  at  the  apex  or  in  a  lol>e, 
tho  pati(Mit  should  be  requested  to  droop  the  shoulder  on  the  side  under 
examination,  so  that  the  shadow  produced  by  the  clavicle  nmy  l>e 
lowered  out  of  th(»  field  as  much  as  possible.  Ji.  better  view  of  the 
atVected  th'ld  may  Ix*  obtained  by  having  the  patient  stoop  forward, 
allowing  the  rays  to  enter  the  thorax  at  the  mid-scapular  region,  i)lacing 
the  screen  directly  ovt'r  the  supraclavicular  space.  The  examiner  should 
compare  the  light  producetl  by  the  two  apices  both  during  full  inspira- 
tion and  duiing  deep  expinitiiui.  The  light  coming  from  the  tube  should 
be  so  regulated,  by  increasing  or  tlecreasing  the  distance  between  the  tube 
and  patient,  that  the  alTectetl  side  is  only  faintly  illuminated.  When  the 
t\>o  sid(»s  are  now  eompartnl,  the  sonnd  side  appears  slightly  brighter 
than  the  other.  Tlu*  t^xcitalion  iA'  the  tube  may  be  controlled  partlv,  bv 
u  .sptH'd  ix\uulator  ov  by  a  rluH»tat,  but  these  are  seldom  rtM^uired. 
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When  both  apices  are  involved  in  a  tuberculous  process,  usually  one 
apex  is  more  extensively  affected  than  the  other,  i.  e.,  there  is  distinctly 
more  haziness  on  the  side  most  affected.  A  clouded  appearance  of  both 
apices  is  indicative  of  an  already  advanced  form  of  tuberculosis.  In  the 
early  stages  of  this  disease,  an  associated  emphysematous  condition 
of  the  lungs,  occurring  in  the  middle  and  lower  thirds,  may  be 
demonstrated. 

The  value  of  the  X-rays  in  incipient  pulmonary  tuberculosis  may  be 
well  illustrated  by  the  reports  of  the  following  cases  in  the  service  of 
Prof.  James  M.  Anders,  which  were  under  my  care  for  a  skiagraphic 
examination.^ 

Case  I. — 8.  H.,  female,  married,  aged  28  years,  cigar-maker,  first 
applied  at  the  out-patient  clinic  of  the  Medico-Chirurgical  Hospital, 
Philadelphia,  June  6,  1899,  for  treatment.  A  brother  died  of  acute 
phthisis.  The  patient  had  had  some  of  the  diseases  of  childhood  ;  but 
the  remainder  of  her  history  was  negative.  Her  illness  began  with 
paroxysmal  pains  in  the  prsecordia,  and  this  lasted  for  a  considerable 
period.  The  day  previous  to  her  visit  she  had  expectorated  blood,  which 
she  stated  was  coughed  up  ;  the  quantity  of  blood  was  small,  bright  red, 
and  frothy.  The  abnormal  physical  signs  were  an  impairment  of  the 
percussion-note  and  harsh  breathing,  with  prolonged  high-pitched  ex- 
piration at  the  right  apex,  with  ali^ence  of  the  vesicular  quality,  and 
prolonged  high-pitched  expirations  at  left  apex  ;  all  signs,  however,  were 
less  marked  than  at  right  apex.  Microscopic  examination  of  the  spu- 
tum gave  a  negative  result.  Later  an  X-ray  examination  revealed  an 
abnormal  shadow  or  marked  haziness  at  the  apices  of  both  lungs,  but 
more  marked  at  the  right. 

Case  II. — P.  K.,  aged  29  years,  cigar-maker,  applied  for  treatment  at 
the  out-patient  clinic  of  the  Medico-Chirurgical  Hospital,  November  10, 
1899.  The  family  history  is  entirely  negative  as  to  pulmonary  diseases. 
The  patient  suffered  none  of  the  diseases  of  childhood.  He  had  had 
typhoid  fever  one  and  a  half  years  previously,  which  confined  him  to  bed 
for  ten  weeks.  Since  then  he  had  been  complaining  of  persistent  gastric 
disturbance,  evidenced  by  eructations  of  gas  and  dull  pains  in  the 
epigastrium  after  meals  ;  there  had  been  some  dyspnoea  on  exertion,  and 
at  intervals  cardiac  palpitation.  A  few  days  prior  to  his  first  visit,  he 
began  to  expectorate  bright-red  blood.  Subsequently  there  was  neither 
cough  nor  expectoration.  The  amount  of  blood  lost  did  not  exceed  half 
an  ounce.  An  examination  of  the  throat  and  larynx  was  negative,  and 
the  same  was  true  of  a  physical  examination  of  the  thorax,  although  the 
chest  was  of  the  paralytic  or  phthisical  type.  After  excluding  all  causes 
of  haemoptysis,  except  pulmonary  tuberculosis,  an  X-ray  picture  was 
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me  to  the  American  Congress  of  Tuberculosis,  May  14, 1902. 
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made.     This  showed  commencing  consolidation  over  circumscribed  areas 
on  both  sides  just  below  the  apices. 

Case  III. — J.  O.,  aged  14  years,  errand  boy,  was  admitted  to  the 
wards  of  the  Medico-Chirurgical  Hospital,  November  13,  1899.  Father 
died,  in  his  fifty -second  year,  of  heart  and  lung  disease,  the  precise  nature 
of  which  the  patient  does  not  know.  One  sister  is  in  delicate  health. 
The  lad  had  had  the  usual  diseases  of  childhood  and  a  severe  illness  of 
unknown  character  a  few  years  since  ;  had  always  been  in  delicate  health. 
The  present  illness  began  about  four  weeks  before  he  came  under  my 
observation.  The  first  symptoms  complained  of  were  malaise,  headache, 
a  slight  cough  in  the  evenings  and  mornings,  more  or  less  abdominal 
pains,  associated  with  slight  diarrhoea.  The  evening  temperature  on 
admission  was  on  the  average  about  100°  F.,  but  abdominal  pain,  diarrhoea 
and  cough  had  largely  subsided.  Physical  examination  showed  a  para- 
lytic or  phthisical  thorax,  without  any  other  abnormal  physical  sign. 
After  excluding  typhoid  fever,  latent  tuberculosis  was  suspected  ;  tuber- 
culin was  injected,  followed  by  a  positive  reiiction.  An  X-ray  examina- 
tion was  also  made  by  Dr.  Kassabian,  and  showed  a  slight  haziness  below 
the  left  clavicle.    (See  Figs.  177,  178.) 

Cavitation. — As  cavity  formation  begins  in  the  centre  of  a  consoli- 
dated mass,  after  it  has  slightly  advanced  we  may  observe  a  lighter  field 
encircled  by  a  darker  shadow  zone.  If  the  outer  margin  of  the  cavitatcd 
mass  has  been  infiltrated  with  inorganic  salts,  we  may  demonstrate  on 
the  screen  a  dark,  narrow  border-like  shadow,  encircling  a  larger  light 
field.  If  the  cavity  is  filled  with  exudative  material,  there  will  be  no 
light  reflex,  presenting  the  appearance  of  a  consolidated  nuiss.  Tliis 
would  also  be  true  if  the  entrance  to  the  cavity  were  located  at  the  upper 
surface.  In  some  instances  this  fluid  can  1x3  readily  removed  by  having 
the  patient  lie  down  and  cough,  when  the  light  reflex  may  be  noted  to 
again  return.  A  dilated  bronchus,  with  exudative  material  and  consoli- 
dated structure  surrounding  it,  cannot  be  diflerentiated  from  a  small 
cavity  by  means  of  the  X-iays.  Where  the  cavity  is  small  and  the  wall 
thickened,  little  or  no  light  reflex  may  be  visible  on  either  the  screen  or 
skiagram. 

As  the  different  pictures  of  pulmonary  tuberculosis  presented  by  the 
screen  and  skiagram  bear  a  striking  similarity  to  other  lung  affections, 
the  employment  of  special  methods  for  more  Jiccurately  determining  and 
differentiating  the  true  condition  would  seem  of  first  importance.  Thus, 
Dally,  ^  who  has  made  a  great  many  pulmonary  examinations  by  means 
of  the  X-rays,  states  that  the  earliest  indication  of  pulmonary  tubercu- 
losis is  the  unilateral  limitation  or  loss  of  mobility  of  the  diaphragm. 
Prior  to  any  shadow  production  (the  result  of  tuberculous  involvement) 
the  action  of  the  diapliragni  Ix^conu^s  .gradually  lessened  on  the  afiecteil 

'  Uint'ct.  June  27,  1900. 


Fia.  177.— TubtrvulHsls  o(  thu  right  lung  ijuftlKrlor  vii-ii).nriil  a  pholographlf  iiui'lng  of  tlit  lanio. 
^i-  tklmgnpli  ithuWH  cuiiaolidBUon  i>r  the  right  api-x  atid  right  Imm:  heart  la  dlsplacul  tou-iid  Ibi' 
■right,  A.  rtcromlon  proceM;  Sp.  upiimu"  procras  ci(  «'iipul«i  CI.  kUtJcIe:  C,  oocacold  prooeia;  1.1,3^ 
4.  fi,  a,  T,  H,  B.  lU,  rilJB  (porierlur) ;  1. 11.  111.  IV.  Hbs  (nulerior). 


Fio.  17?,— Tubctculmils  of  Ihu  right  npei  (inwrlnr  vtewl.  I'lBio  placwl  in  ri 
chiit  ol  Lhe  Bune  iiiJeDt  a»  bIiciwd  In  Fig.  177.  Tht  Iowef  cnt  i^  a  phnU>grB]>hlu  tracing  at  Uie  ftl 
Ab.  ailllikry  bolder  of  Ecapiila ;  Vb,  vcrtetitBl  border :  f>.A..  tupcrior  atiglv  ;  RD,  right  itda  ol 
dtophragm :  LD.  Itit  aide ;  T.S,.  triangular  space,  beat  leen  with  llie  screen  agslnst  Ote  chwt,  bet 
rtand  the  dluphracni  (for  the  dluneteraot  the  heart.  Bee  page  330):  C,  cavit;,  irbMi  W 
*lBlbIo  oo  lhe  poilerior  view. 
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side.  After  the  tnbercaloas  process  has  advanced  to  the  point  of  produc- 
ing distinct  cloudy  shadows  within  normal  lung  shadows,  the  limitation 
of  diaphragmatic  movements  usually  becomes  more  and  more  evident ; 
it  may,  however,  decrease. 

Cases  are  reported  where  marked  limitation  in  the  mobility  of  the 
diaphragm  was  present  when  only  the  apical  region  of  the  lung  had  been 
involved.  He  further  states  that  the  typical  shadow  of  an  early  pul- 
monary tuberculous  process  is  irregularly  mottled,  and  that  such  an 
appearance  may  be  simulated  by  a  new  growth,  but  the  latter  can  readily 
be  differentiated  by  the  characteristic  distribution  of  the  shadow  and  by 
the  peculiar  physical  signs.  A  consolidated  area  produces  a  shadow  of 
moderate  density,  and  this  in  itself  is  increased  when  the  adjacent  lung 
tissue  is  hypersemic.  He  believes  that  a  caseating  process  throws  a  still 
deeper  and  darker  shadow.  The  appearance  of  cavities  will  vary 
according  to  the  size,  position,  and  whether  filled  or  empty.  Those  empty 
and  located  at  the  apical  region  of  the  lung  are  usually  transradiant ; 
when  filled  with  pus  they  may  remain  unnoticed.  In  brief.  Dally  believes 
that  the  unilateral  limitation  of  diaphragmatic  movement  as  seen  by  the 
fluoroscope  is  very  often  the  earliest  sign  of  a  beginning  pulmonary 
tuberculosis,  and  that  only  by  the  X-rays  can  pulmonary  tuberculosis  be 
diagnosticated  at  an  earlier  stage  than  by  the  other  means  at  the  disposal 
of  the  practitioner. 

Dr.  Dally  *  classifies  the  quality  of  the  shadow,  with  the  percussion 
note  manifested,  as  follows : 

Brightness  —  Hyper-resonance 

Transradiancy  =  Normal  resonance 

RuNTGEN  Rays {    Faint  shadow  ~  Impaired  resonance    )  .  .Percussion  Note 

Dense  shadow  =  Dulness 

Opacity  ■-  Absolute  dulness 

Vieruzhsky,  of  the  Nikolas  Military  Hospital,  which  is  devoted 
especially  to  the  treatment  of  tuberculosis,  reports  elaboi-ately  on  the  re- 
sults obtained  by  the  various  methods  of  diagnosticating  tuberculosis.* 
He  is  enthusiastic  at  the  results  obtained  from  the  use  of  the  Eontgen 
rays  in  the  diagnosis  of  the  early  stages  of  pulmonary  tuberculosis.  The 
use  of  the  spirometer  as  an  agent  assisting  in  the  diagnosis  of  this  disease 
has  not  been  satisfactory,  the  figures  obtained  in  the  measurement  of  the 
respiratory  capacity  of  the  lungs  being  uncertain  and  variable.  He  is 
well  able  to  realize  the  deficiencies  and  limitations  of  the  X-rays,  but 
he  asserts  that  skiagraphy  offers  a  means  of  controlling  and  confirming 
the  data  of  physical  examinations. 

Acute  Miliary  Tuberculosis, — This  disease  is  difficult  to  diagnose  clini- 
cally ;  and  it  is  often  overlooked  by  reavson  of  the  frequent  absence  of 
physical  signs.     The  only  means  then  left  to  the  practitioner  is  by  an 

'  Lancet,  June  27,  1903.  '  Roussky  Vratch,  April  26,  1903. 
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X-ray  examination.     In  this  disease  the  screen  or  skiagram  presents  very 
small  darkened  shadows,  scattered  throughout  the  lung. 

Pneumonia,  —  The  various  stages  of  croupous  pneumonia  may  be 
studied  both  with  the  screen  and  the  skiagram.  A  central  pneumonia 
which  resists  detection  by  the  ordinary  physical  signs  may  be  detected 
by  the  aid  of  the  X-rays. 

In  the  stage  of  congestion  there  is  a  uniform  dark  shadow  cast  on  the 
fluorescent  screen ;  the  result  of  an  increased  quantity  of  blood  in  the 
affected  part  of  the  lung. 

The  stage  of  consolidation  presents  a  still  darker  shadow,  due  to  the 
increased  density. 

A  centralized  consolidation,  not  demonstrable  clinically,  throws  a 
shadow  on  the  screen,  equally  as  well  as  a  simple  superficial  lesion.  In 
croupous  pneumonia  I  have  observed  the  middle  lobe  of  the  right  lung 
to  be  the  one  most  frequently  involved.  In  this  condition  the  excursions 
of  the  diaphragm  are  almost  entirely  obliterated.  In  the  majority  of  in- 
stances the  right  side  of  the  heart  is  enlarged  and  displaced  to  a  greater 
or  less  extent.  In  some  cases  involvement  is  so  extensive  as  to  shroud 
the  shadow  ordinarily  oast  by  the  heart.  That  the  cardiac  displacement 
is  due  to  the  pressure  of  the  dense  lung,  is  demonstrable  by  the  rays. 

The  stage  of  resolution  is  characterized  by  the  lung  tissue  returning 
to  its  former  normal  structure,  and  when  the  shadow  cast  by  the  pre- 
viously affected  side  is  similar  to  that  cast  by  the  non-involved  side,  we 
speak  of  tlie  organ  as  having  again  returned  to  tlie  normal.  Tlie 
sliadow  of  the  previously  affected  area  may  persist  until  complete  reso- 
lution has  occurred,  while  continued  persistence  of  a  shadow  in  this 
region  may  indicate  a  thickened  pleura. 

A  croupous  pneumonia  must  be  diagnosticated  from  pleurisy  with 
effusion,  from  an  acute  bronchitis,  and  from  pulmonary  tuberculosis. 
The  physical  signs  and  clinical  symptoms  are  frequently  ill-defined  in  a 
pleurisy  with  effusion,  so  that  it  may  be  confounded  with  a  imeunionia. 
In  a  non-encysted  pleurisy  with  effusion,  a  dark  shadow  is  thrown  on 
the  screen,  which  changes  its  position  with  the  change  of  position  of  the 
patient.  In  a  pneumonia  there  is  no  change  in  the  shadow  demonstrable 
when  moving  the  i)atient.  In  pleurisy  with  effusion  there  is  a  much 
greater  displacement  of  the  heart  than  in  an  uncomplicated  pneumonia. 

Lately  I  examined  a  child  for  an  unresolved  pneumonia,  affecting  the 
middle  lobe  of  the  right  lung.  The  consolidated  spots  closely  simulate<l 
a  dry  pleurisy  ;  but  the  latter  ciusts  an  irregular  longitudinal  shadow,  the 
former  circular. 

AteleciamH, — The  shadows  produced  correspond  to  the  areas  involved 
in  the  collapse  of  the  lung.  If  collai)se  is  extensive,  the  shadows  ctist  on 
the  screen  are  corresponding  in  size.  The  exeureions  of  the  diaphragm 
are  not,  as  a  rule,  restricted,  and  its  position  is  normal.  The  heart 
does  not  change  in  its  normal  shape,  size,  and  position  in  a  beginning 
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atelectasis,  though  in  advanced  cases  with  fibrous  tissue  formation,  fol- 
lowed by  contraction  of  large  parts  of  lung  tissue,  the  heart  may  finally 
be  more  or  less  displaced.  The  shadows  may  disappear  if  the  patient  is 
instructed  to  breathe  as  forcibly  as  he  can. 

Abscess  and  Gangrene. — The  exact  location  of  either  an  abscess  or 
gangrene  is  indicated  by  a  dark  shadow.  These  conditions  are  usually 
found  to  involve  the  lower  part  of  the  middle  lobe  or  upper  part  of  the 
lower  lobe.  As  an  abscess  cavity  usually  opens  internally,  and  the  foul 
material  is  expectorated,  the  shadows  disappear  immediately  after  the 
cavity  is  emptied.  The  excursions  of  the  diaphragm  are  usually  n^ore  or 
less  restricted,  depending  upon  the  size  and  location  of  the  abscess.  The 
position  of  the  diaphragm  is  normal,  and  the  heart  does  not  change  in 
position.     If  the  shadows  are  multiple,  they  indicate  multiple  abscesses. 

B.  Diseases  of  the  Pleura. 

Pleurisy  with  Effusion. — In  pleurisy  with  effusion  the  diaphragm  is 
only  slightly,  if  at  all,  observed  on  the  screen,  depending  upon  the 
amount  of  the  effusion  present  Because  of  the  pressure  exerted  by  the 
fluid  upon  the  adjacent  lung  tissue,  the  latter  is  more  dense ;  hence  the 
fluid  throws  a  dark  shadow  upon  the  fluorescent  screen,  usually  denser 
than  that  cast  in  any  other  thoracic  condition. 

On  changing  the  position  of  the  patient,  the  change  of  level  is  easily 
discerned  by  the  aid  of  the  fluorescent  screen.  The  upper  level  of  the 
fluid  is  better  seen  in  the  sitting  than  in  the  recumbent  posture.  With 
an  abundant  quantity  of  fluid  within  the  pleural  sac,  the  heart  as  a 
rule  suffers  considerable  displacement,  and  far  greater  when  the 
pleural  effusion  is  confined  to  the  left  side  than  when  it  exists  on  the 
right  side  only. 

The  shadows  of  the  ribs  are  usually  very  faintly  shown  on  the  affected 
side  above  the  pleural  effusion.  As  a  rule,  the  heart  is  displaced  prior 
to  a  downward  displacement  of  the  diaphragm.  The  excursions  of  the 
diaphragm  are  usually  much  restricted,  especially  when  the  effusion  is 
abundant.  Small  effusions  are  often  to  be  detected  in  the  small  angular 
spaces  on  each  side  between  the  diaphragm  and  chest  wall.  Pleural 
thickenings  are  not  infrequently  mistaken  for  small  effusions.  Pleural 
adhesions  are  indicated  by  limited  excursions  of  the  diaphragm.  After 
aspiration  a  clearing  up  of  the  previous  darkened  shadow  may  be 
noted,  the  ribs  may  again  be  detected,  the  heart  will  immediately  re- 
sume its  normal  position,  and  the  excursions  of  the  diaphragm  are  again 
increased. 

Even  though  there  is  only  a  small  quantity  of  effusion  in  the  pleural 
sac,  the  lung  tissue  above  the  fluid  level  toward  the  apex  presents  a 
darker  appearance  than  the  same  field  of  the  normal  side,  this  being  in 
all  probability  due  to  a  compression  of  the  lung  on  the  affected  side.     If 
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the  right  pleural  sac  is  completely  filled  by  flaid,  this  shadow  fuses  with 
that  of  the  heart  (iu  the  median  line  or  slightly  to  the  right),  liver,  and 
diaphragm  ;  hence,  all  the  brightness  of  the  right  side  is  totally  lost. 

Prof.  Ch.  Bouchard  *  was  the  first  investigator  to  publish  observations 
made  with  the  screen  in  pleural  effusions.  He  demonstrated  that  the 
X-rays  do  not  pass  through  the  effusion.  He  also  showed  that  the  shadow 
indicated  the  upper  level  of  the  fluid,  as  confirmed  by  the  ordinary 
methods  of  physical  diagnosis. 

Dally,'  from  his  radioscopic  study  of  pleurisy  with  effusion,  concludes 
that  tl^e  level  of  the  fluid  changes  with  the  position  of  the  patient  unless 
the  quantity  of  fluid  is  great  and  is  encysted  by  adhesions.  A  puru- 
lent effusion  yields  a  shadow  of  greater  density  than  a  sero-fibrinous 
effusion.  The  shadow  is  homogeneous,  and  in  the  case  of  the  serous 
effusion  the  shadow  gradually  increases  in  density  from  above  downward. 
However  far  the  heart  is  displaced  to  the  right,  in  most  cases  little 
altei-ation  takes  place  in  the  position  of  the  apex  relatively  to  the  base. 
Other  conditions  being  equal,  the  heart  is  displaced  more  when  the 
effusion  is  left  sided.  A  somewhat  triangular  shadow,  not  normally 
visible,  above  and  continuous  with  the  shadow  of  the  heart  and  pericar- 
dium is  cast  by  the  mediastinum,  which  is  displaced  by  the  lateral 
pressure  towards  the  healthy  side  of  the  thorax. 

Empyema, — In  empyema  the  displacement  of  the  heart  and  liver  is 
greater  than  with  the  same  quantity  of  serous  exudate.  In  pulsating 
pleurisy,  the  heart  movements  trausmitted  to  the  fluid  may  be  seen  as 
diffuse  undulations,  if  the  i)atient  remains  motionless  for  the  time  being. 
According  to  my  experience,  the  shadow  of  an  empyema  on  a  fluorescent 
screen  frequently  seems  to  be  a  shade  darker  than  that  produced  in  an 
ordinary  pleurisy  with  effusion.  This  may  be  accounted  for  by  the  fact 
that  in  an  empyema  there  is  usually  associated  a  slight  oedema  of  the 
chest  wall  over  the  seat  of  the  exudate.  When  there  is  no  such  anlema- 
tous  condition  coexisting  with  an  empyema,  the  shadow  cast  by  the 
retained  pus  is  of  the  same  density  as  that  of  an  ordinary  pleural  efl'u- 
siou.  An  interlobar  empyema  (a  c(mdition  very  difficult  to  diagnosti- 
cjite  by  ordinary  means)  casts  a  shadow  of  the  encysted  pus  on  the  screen; 
the  surrounding  lung,  above  and  below,  presents  the  normal  brightness, 
provided  there  is  little  or  no  compression  of  the  adjacent  pulmonary 
tissue  by  the  enclosed  fluid,  the  movements  of  the  diaphragm  are  not 
restricted,  nor  is  the  heart  dLsplaced  from  its  normal  position.  Dia- 
phnigmatic  pleurisy  is  indicative  of  an  involvement  of  the  pleura  in 
relation  to  the  diaphragm.  There  is  usually  a  snmll  quantity  of  exu- 
date present,  which  can  only  be  revealed  with  difficulty,  by  a  careful 
screen  examination.     Of  several  eases  of  this  condition  that  Ciime  to  mv 

>  Archives  d'Kloct.  :\Ii'(licale,  July  13,  1896. 
•  I^aiicet,  February  27,  1904. 
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atteDtion,  foar  showed  very  distinct  shadows  ou  the  screen.  Hemor- 
rhagic pleurisy  cannot  easily  be  differentiated  from*  other  types  of 
pleurisy  by  the  X-rays. 

A  pleurisy  of  the  sac  with  efifusion  may  be  complicated  with  an 
empyema.  An  empyematous  condition  of  the  left  pleura  would  make  its 
apx>earance  on  the  opposite  side.  In  case  a  pleurisy  has  been  disgnosti- 
cated,  complicated  by  unusual  dyspnoea,  the  examiner  should  then  look 
for  an  associated  empyema  of  the  opposite  lung. 

Pneumothorax.  —  The  affected  side  presents  a  very  bright  area  and 
of  rather  large  size.  The  lung  tissue  is  retracted,  and  the  diaphragm 
occupies  a  lower  position  than  normal ;  its  movements  are  greatly  re- 
stricted, and  occasionally  no  movements  are  at  all  recognizable.  The 
cardiac  outlines  are  clearly  defined,  with  a  displacement  toward  the 
unaffected  side. 

HydrO'pneumothorax  and  Pyo-pneumothorax, — In  studying  the  affected 
side  of  the  chest,  with  the  patient  in  the  sitting  posture,  the  fluorescent 
screen  shows  a  very  dark  area  below  and  a  lighter  one  above.  It  is  best 
demonstrated  with  the  tube  behind  the  patient,  the  target  facing  the 
third  intercostal  space  (fourth  rib).  With  the  change  of  position  of 
the  patient,  the  fluid  may  be  noticed  to  alter  its  level ;  the  fluid  also 
changes  its  level  during  respiration,  rising  during  a  deep  inspiration  and 
falling  during  a  deep  expiration. 

The  excursions  of  the  diaphragm  are  usually  wholly  obliterated, 
while  it  also  occupies  a  very  low  position,  and  the  heart  is  displaced 
toward  the  unaffected  side.  The  pulsations  disturb  the  upper  level  of 
the  fluid  area,  a  condition  which  may  be  readily  studied  by  the  fluores- 
cent screen.  If  the  lung  is  examined  in  the  median  line  and  above  the 
fluid  area,  it  usually  appears  slightly  darker  as  a  result  of  compression. 
The  degree  of  displacement  of  the  heart  and  liver  depends  upon  the 
amount  of  air  and  fluid  retained  in  the  pleural  cavity.  An  apical  tuber- 
culosis of  the  affected  side  can  very  readily  be  diagnosed,  as  the 
surrounding  field  usually  appears  intensely  bright. 

Subphrenic  Abscess. — A  subphrenic  abscess  gives  a  dark  shadow  in 
the  lower  part  of  the  thorax,  and  above  it  there  is  a  lighter  shadow  due 
to  the  presence  of  air,  and,  surmounting  this,  there  will  be  a  shaded  field 
caused  by  the  compressed  lung.  The  diaphragm  occupies  a  slightly 
higher  position  with  a  total  abolition  of  its  movements.  The  heart  is 
displaced  toward  the  unaffected  side,  though  this  displacement  is  not  so 
extensive  as  in  hydro-pneumothorax.  The  upper  level  of  the  dark  area 
changes  with  the  change  of  position  of  the  patient,  and  splashing  of  the 
enclosed  fluid  may  be  recognized  when  the  patient  is  grasped  by  the 
shoulders  and  shaken. 

Tumors  of  the  Thorax, — Intrathoracic  growths  cast  shadows  upon  the 
fluorescent  screen.  These  masses  are  generally  circumscribed,  and  are,  as 
a  rule,  located  in  the  upper  part  of  the  chest.     Care  must  be  exercised  to 
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differentials  th^se  ^rrowths  from  thoracic  aneurLsm ;  iu  the  form^  the 
tuijjor  pulsat'^rs  with  an  up  an<l  down  movement,  in  the  latter,  the  move- 
0jent  iRexjiansile. 

If  the  tumor  is  not  t^Xi  large  there  is  no  restriction  in  the  exearsioDS 
of  the  diaphragm.  The  heart  is  generally  slightly  displaced.  Small 
calcjfi<r<l  lyniphati<;  and  bninchial  glands  are  often  noticeable. 

Enlarged  GlamU, — Any  enlargement  of  the  thoracic,  mediastinal,  or 
bniuchial  glands  is  e:isily  shown  on  the  fluorescent  screen  or  skiagraph. 
As  the  bronchia]  glands  are  asually  first  involved  in  tnberculoiis  condi- 
tions of  the  langs,  a  few  authorities  have  successfully  demonstrated  a 
ftlight  enlargement  of  the  glands  in  the  incipient  stage.  Any  glandular 
enlargement  .should  be  viewe<l  suspiciously  as  the  beginning  of  an  adja- 
cent tul>erculous  involvement.  ThLs  condition  is  best  viewed  on  the 
screen  by  having  the  rays  traverse  the  body  diagonally. 

IV.  Application  of  the  X-rays  to  the  Circulatory  System. 

In  fluonisoping  the  normal  heart  in  the  anterior  view,  we  observe 
the  shallow  of  the  heart  and  aorta.  These  shadows  are  due  to  the  opacity 
of  the  contained  bloo<l  and  to  the  8uperimi)Osed  shadows  of  the  verte- 
bne  and  stern nni.  The  posterior  view  shows  the  same  structures  in  their 
IKwterior  as]>ects.  The  anterior  view,  however,  is  preferable,  as  the  heart 
l>eing  ni*arer  the  chest  wall  allows  of  a  clesirer  shadow  on  the  fluoroscope, 
nuorc>s(!oi>y  is  pn*f<*ral)l«i  to  skiagraphy  in  the  study  of  the  circulatory 
Hvsteiii,  JLS  with  it  we  can  observe  IIk*  cardiac  cvdc,  the  aorta  and  the 
ujovcmciits  of  the  diaphragm,  from  various  positions. 

A.    KlJ.'OkOSCOIMC    KXAMINATION    OF    THK    XoKMAL    IIEAKT. 

The  licart  may  br*  examined  with  the  patient  in  tlie  sitting,  standing, 
or  rccumlxMit  posture.  TIk*  heart  when  viewed  ])y  the  screen  occupies  a 
cliaracteristic  jxisition  in  the  thorax,  wlien  the  patient  is  seated  on  a  stool. 
During  expiration  it  rests  on  the  <liaphragm^  its  long  axis  forming  an 
acute*  an^^le  with  the  ima«nnarv  median  line  of  the  thoracic  cavitv.  In 
inspiration  the  lieart  moves  (h)wnward  and  toward  the  median  line ;  the 
riglit  l)onler  of  this  organ  is  plainly  seen  to  the  right  of  the  sternum,  the 
larger  or  left  part  of  the  h(»art  is  seen  to  the  left  of  the  stem um, — i.f*., 
tlu-  long  axis  of  th<' heart  forms  with  the  median  line  during  expiration 
a  less  acute  anglr  than  during  an  inspiratory  effort.  During  inspiration 
the  transverse  diameter  of  the  heart  is  slightly  decre^used  iu  length,  at 
the  sime  time  the  numlMM*  of  pulsjitions  are  lessc^ned.  In  expiration, 
after  tluMliaphragm  has  discontinued  tugging  on  the  heart,  the  transven* 
<liameter  is  again  increiused,  as  is  also  the  amplitude  of  its  pulsations. 
The  general  contour  of  the  organ  can  be  nuire  easily  seen  during  inspira- 
tory periods  than  in  the  expiratory,  l)ecause  the  lungs,  being  filled  to  their 
<*apa<'ily,  are  mon*.  transparent  to  the  rays,  thus  offering  a  more  striking 
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contrast  The  cardiac  outline  may  be  readily  differentiated  by  means  of 
the  ingenious  artifice  of  Dr.  Disan.*  By  this  method  the  outline  of  a 
normal  heart  is  traced  on  the  chest  by  fixing  with  adhesive  strips  a  copper 
wire.  A  fluoroscopic  examination  is  then  made  in  tbe  following  way : 
At  first  the  greatest  strength  of  current  obtainable  from  the  apparatus 
is  turned  on.  The  observer  looks  through  the  fluoroscope  and  gets  the 
chief  landmarks  of  the  chest,  such  as  the  scapula,  ribs,  spine,  diaphragm, 
and  upper  convex  border  of  the  liver,  the  wire  being  at  the  same  time  in 
full  view.  The  current  is  now  reduced  until  the  heart  becomes  more  dis- 
tinctly visible.  The  fluoroscope  is  applied  to  a  spot  marked  at  the  left 
of  the  spine,  corresponding  to  the  fourth  intercostal  space  in  front  of  the 
chest.  Any  alterations  in  the  shape  of  the  heart  can  thus  be  easily 
demonstrated. 

The  shadows  of  the  pulmonary  vessel  and  in  many  instances  the  vena 
cavsB  can  be  recognized  if  the  chest  is  made  to  assume  a  position  diagonal 
or  oblique  to  the  screen  and  tube. 

The  pulsations  of  the  heart  are  less  in  number  during  a  deep  inspira- 
tion than  in  expiration,  or  even  in  the  ordinary  quiet  breathing.  These 
pulsations  are  lessened  durifig  a  deep  inspiration  and  by  increase  of  the 
air  pressure  upon  the  heart, — L  e.,  the  pressure  from  the  pericardium, 
which  is  made  more  taut  during  the  descent  of  the  diaphragm. 

The  Orthodiagraph. — ^This  instrument  was  devised  by  F.  Moritz,  of 
Munich.*  (Figs.  179  and  180.)  Its  purpose  is  the  bringing  out  of  any 
object  in  its  exact  size  and  without  distortion.  By  it  the  size  and  shape 
of  all  the  recognizable  internal  organs,  as  well  as  other  parts  of  the  body, 
can  be  determined.  As  the  Eontgen  rays  are  propagated  from  a  point 
on  the  anodal  field  in  straight  lines  radiating  in  every  direction,  and  as 
the  image  of  a  body  projected  on  a  phosphorescent  screen  or  skiagram  is 
a  silhouette,  the  outline  of  the  object  presented  coincides  with  the  places 
where  the  rays  coming  in  contact  with  the  edge  of  the  body  impinged 
upon  the  screen.  This  outline,  therefore,  is  the  periphery  of  the  base 
of  a  cone,  whose  point  coincides  with  the  luminous  spot  of  the  anti- 
cathode.  As  the  object  to  be  projected  is  located  between  the  vacuum 
tube  and  the  screen,  the  image  on  the  latter  will  be  magnified,  the  degree 
of  magnification  being  dependent  upon  the  ratio  of  the  distance  of  the 
object  from  the  image  plane  and  the  distance  of  the  object  from  the 
vacuum  tube.  The  image  projected  by  a  vacuum  tube,  so  far  from  re- 
cording the  true  dimensions  and  shape  of  the  object,  will  show  the  latter 
more  or  less  magnified  and  distorted.  In  order  to  obtain  the  true  shape 
and  size  of  the  object,  the  rays  touching  the  body  and  forming  on  the 
plate  an  image  of  its  outlines  must  be  made  parallel  and  strike  the 
plate  at   right    angles, — i.e.,    the    projection    from   a  centre    must    be 

*  Dominion  Medical  Monthly,  February,  1897. 

'Berlin  Allgemeine  Electricitats  Gesellschaft,  and  Miinch.  med.  Wochensohrift, 
April  10,  1900. 


326  ELECTRO-THERAPEUTICS. 

replaced  by  a  projection  that  is  parallel.  With  the  orthodiagraph,  pro- 
jections true  in  shape  and  size  are  obtained  in  any  desired  position  of 
the  drawing-plane. 

The  luminous  screen  which  also  carries  the  drawing  stylus  is  con- 
nected with  the  Rontgen  tube  by  a  U-shaped  fnime.  This  frame,  made 
up  of  a  number  of  jointed  sections,  permits  of  any  desired  adjustment  of 
the  screen  with  the  tube.  A  rod  extending  from  the  screen  is  longi- 
tudinally adjustable  in  a  split  sleeve  on  the  end  of  a  tube  lying  parallel 
with  the  axis  of  the  drawing  stylus.  The  tube  is  provided  with  a  tele- 
scoping member,  on  the  projecting  end  of  which  a  second  split  sleeve  is 
adapted  to  slide.  This  screen  is  formed  on  the  end  of  an  arm  which  is 
thereby  supported  at  right  angles  to  the  telescoping  member.  The  clamp 
holding  the  tube  has  a  ball-and-socket  connection  with  a  member  which 
may  be  adjusted  to  any  position  along  the  arm.  When  properly  adjusted 
the  propagating  joint  of  the  X-rays  should  lie  on  an  extension  of  the  axis 
of  the  stylus.  This  may  be  done  approximately  by  adjusting  the  tube 
clamp  and  other  members  of  the  U-shaped  frame.  In  order  to  obtain  a 
more  perfect  adjustment  of  the  tube, — L  e.,  such  adjustment  as  would  per- 
mit working  with  accurate  perpendicular  rays, — the  screen  may  bead- 
justed  in  one  plane,  by  moving  its  supporting  rod  longitudinally  in  the 
split  sleeve  above  referred  to,  and  in  a  plane  at  right  angles  thereto,  by 
adjustment  of  the  sci-een  within  its  holder.  By  noting  the  shadow  cast 
on  the  screen  by  the  end  of  the  stylus  projecting  there  through,  the  oper- 
ator can  readil}'  ascertuin  when  accurate  adjustment  hiis  been  ol)tiiined. 

Parallel  movement  of  the  tulx»  with  the  screen  is  obtiiined  by  means 
of  two  levers,  one  pivoted  to  the  other.  A  lever  which  supports  at  one 
end  the  U-shaped  frame  is  hinged  to  a  second  lever,  which  in  turn  is  piv- 
oted to  a  bracket  on  the  end  of  the  supporting  column  of  the  apparatus. 
Each  lever  is  provided  with  a  counter -weight,  movable  along  its  outer 
arm,  and  these  weights  serve  to  hold  the  parts  in  equilibrium. 

The  bracket  just  mentioned  also  carries  a  rod,  to  which  the  drawing 
frame  is  attached  by  means  of  a  universal  joint.  The  drawing  frame  is 
adapted  to  be  covered  with  heavy  bristol- board,  held  therein  by  holders 
at  the  sides,  and  on  this  surface  the  drawing  stylus  is  softly  pressed  by  a 
spiral  spring. 

Xow  the  whole  system  so  far  described  is  movable  around  the  axis 
in  the  head  of  the  main  supporting  column,  and  may  be  clamped  in  any 
position  by  means  of  a  milled  nut ;  an  additional  fixing  lever  may  l)e 
grasped  to  prevent  this  system  from  suddenly  dropping  or  loosening  tlie 
nut.  At  the  same  time,  the  accurately  vertical  and  horizontal  ])osition 
of  the  system  is  indicated  by  a  s[)ring  catch.  The  length  of  the  support- 
ing column  is  such  tliat  on  turning  the  syst<nn  rt)und  its  axis  into  a  hori- 
zontal position,  the  drawing  plate  will  just  be  at  a  convenient  distance 
abov(»  a  person  lying  on  an  ordinary  table  of  about  30  inches  in  height. 
The   heavy  base   plate   is  provided  with   four  rollei'S  allowing  of  the 
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drawing  apparatas  being  readily  moved.  By  operating  special  screws, 
these  rollers  may  1»  removed,  and  the  apparatus  placed  on  the  points 
of  the  screws,  which  in  addition  will  allow  of  the  colnmn  of  the 
apparatus  being  given  an  accurately  vertical  position  even  on  oblique  or 
uneven  floors. 

When  a  drawing  is  to  be  made  directly  on  the  body,  the  briatol-board 
is  removed  from  the  drawing  frame,  and  a  dermatograph  stylos  should 
be  inserted  into  the  drawing  stylus,  instead  of  a  pencil.     The  drawing 


Plo.  181.— Levy- Dora 'a  orthodiagraph  for  llie  standi  iig  porilion. 


£rame  is  provided  with  three  pencil-holders,  or  "plotters,"  as  they  are 
called,  which  are  movable  in  the  plane  of  the  screen  or  in  that  of  the 
di-awing  plate,  and  provided  with  scales  in  both  co-ordinates;  the  posi- 
tion of  a  person  with  r^ard  to  the  central  ray  may  be  thereby  ascertained, 
so  that  on  the  examination  being  repeated  the  same  position  of  the  per- 
son may  be  accurately  secured.  A  fourth  auxiliary  plotter  has  been  pro- 
vided with  slides  on  a  scale  projecting  from  the  extended  axis  of  the 
lower  supporting  lever. 
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Tn  addition  to  reprodncing  the  tme  shape  and  size  or  organs,  the 
apparatoH  may  be  adrantagconsly  iise<l  to  ascertain  the  depth  of  foreign 
objectfi.  This  can  be  done  by  measuring  the  apparent  diameter  of  the 
object  when  the  Rt^ntgeii  tabe  is  stationary,  and  then  ascertaining  the 
actnal  Bhape  of  the  b<)dy  by  means  of  pandlel  movement  of  the  drawing 


Reimger,Gebber^S.Schall.  Erlangen. 
vj-ijuiii .,  (.rlhwHagrarh  for  uw  in  Ihe  recumb 


stylus  iiiid  the  tnbe.  Xow  if  «  ?  is  the  apparent  length  of  a  foreign  bcxiy. 
r  /  it.s  real  length,  D  the  distance  of  the  luiticalhode  of  the  tube  from  llic 
ImninoiisKcri-eii,  and  il  the  distance  of  the  object  from  the  anticathn«le. 

the  formula  —^ will  give  the  Inip  ilistanoe  of  the  foreign  l>iMly 

from  the  tnminoits  screen. 

Till-  I>.'vy-J>orii  oi-thodiiigniiih  i.s  shown  in  Figs.  ISl  and  182.  Tlie 
adviinlage  of  tliis  iii.strunieiii  lies  in  the  fuel  that  during  the  examinii- 
tion  iif  the  heart  the  ojierator  measures  the  vertical  and  horizontal  axfs 
on  tlic  .^(-ales. 

B.  Ski  vcitAi'iiK'  Kxaminatjon  »f  tiii;  Hi:akt. 

The  liciirl  can  lie  skiagi-.i plied  with  the  .same  technie  as  is  applicable 
to  the  hnif,',  bul  the  former  requires  more  precision  in  the  position  of  the 
palient,  \nh{\  distance,  etc,  TJie  patient  may  be  seated  on  a  chair  and 
tht;   plate  jilaced  eilli<T   over  the   chest  (Mernuin;.    in  the   anterior  or 
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ventral  view,  or  to  the  back  (posterior  view).  Ask  the  patient  to  raise 
both  arms,  in  order  to  remove  the  shadows  of  the  scapulae  from  the 
thorax.  Centre  the  anode  of  the  Crookes  tube  over  the  level  of  the  third 
rib  in  back  and  one  inch  below  the  upper  end  of  the  sternum  in  the 
median  line.  The  distance  of  the  anode  from  the  plate  should  be  from 
25  to  30  inches  (63-75  cm.).  An  anterior  and  posterior  skiagraph  should 
be  made  at  the  same  time,  noting  that  no  abnormality  or  deformity 
exists.  If  the  tube  is  placed  in  an  oblique  position  the  shadows  will  often 
mislead  and  confuse.  Anterior  and  posterior  oblique  (right  and  left) 
skiagraphs  should  also  be  taken,  in  order  to  study  mediastinal  tumors, 
and  the  arch  of  the  aorta.  The  time  of  exposure  should  be  as  short 
as  possible,  correspondingly  to  the  cardiac  cycle.  Two  methods  of 
skiagraphing  the  thorax  are  presented  in  Figs.  183  and  184. 

M.  Guilleminot,  of  Paris,  invented  an  instrument  by  which  he  can 
make  cinemato-radiographic  pictures.  The  exposures  can  be  made  either 
during  inspiration,  expiration,  or  during  the  ascent  and  descent  of  the 
diaphragm  ;  and  also  during  the  systole  and  diastole  of  the  auricles  and 
ventricles.  I  have  made  stereo-skiagrams  of  the  thoracic  organs  of 
young  thin  subjects,  which  have  yielded  for  scientific  study  the  true 
perspective  and  relief  effects  of  the  heart,  aorta,  sternum,  and  vertebrce  ; 
such  results  are  of  clinical  worth  in  studying  aneurisms  and  cavitations. 

Size  and  Measureinent  of  the  Heart, — According  to  Abrams,*  with  the 
screen  at  about  291  inches  (75  cm.)  from  the  tube  and  with  the  target 
directed  toward  a  point  where  the  median  line  is  crossed  by  the  fourth 
rib,  the  normal  heart  is  seen  to  extend  from  the  median  line  1^^  inches 
(3  cm.)  on  the  right  side  and  3j\  inches  (8.5  cm.)  on  the  left  side,  the 
total  width  of  the  heart  being  about  4  inches  (or  10  cm.). 

Mobility  of  the  Heart.  — Silbergleit*  describes  a  case  in  which  the 
entire  heart  was  capable  of  lateral  displacement  of  several  inches  by  a 
change  from  the  left  lateral  to  the  right  lateral  position.  The  patient 
was  a  man  of  twenty-four  years  who  came  under  observation  for  gastro- 
enteritis and  a  moderate  degree  of  chlorosis.  He  had  no  subjective 
symptoms  referable  to  the  heart,  and  in  the  standing  position  or  when 
lying  on  the  back  i^hysical  examination  of  the  organ  was  negative. 
When  lying  on  the  left  side,  however,  the  apex  beat  was  three  centi- 
metres outside  of  the  mammary  line,  and  the  right  border  one  centimetre 
to  the  left  of  the  left  sternal  margin.  When  on  the  right  side,  the  apex 
beat  appeared  close  to  the  left  sternal  margin  and  the  right  border  was 
correspondingly  displaced.  This  case  is  of  scientific  value,  in  that  the 
abnormal  mobility  is  only  an  index  of  an  existing  cardiac  lesion. 

Sears  ^  states  that  Determann's  experiments,  made  with  the  X  rays 
and  by  percussion,  demonstrated  the  mobility  of  the  heart  with  change 

Moumal  of  the  American  Medical  Association,  May  3,  1902. 
2Me<lical  Record,  June  20, 190;]. 
^^Me<li(al  Standard,  January  1,  1901. 
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of  position.  In  the  healthy  individual  turning  on  the  left  side  produced 
an  average  displacement  of  21  centimetres  to  the  left  and  1  centimetre 
upward ;  turning  on  the  right  side  occasioned  a  change  of  U  centimetres 
to  the  right  and  about  i  centimetre  upward.  In  some  cases  the  displace- 
ment was  quite  small,  in  others  as  much  as  6}  centimetres  to  the  left  and 
4  centimetres  to  the  right,  without  distress  to  the  subject.  These  greater 
movements  were  found  to  occur,  as  a  rule,  in  flabby  and  ill- nourished 
individuals  and  in  those  whose  abdominal  organs  were  loosely  anchored. 
It  was  observed  that  women  usually  have  more  freely  movable  hearts 
than  men,  especially  after  childbearing  or  from  the  use  of  tight  stays. 
*  Children  have  little  signs  of  it,  the  newborn  scarcely  any,  and  in  old 
persons  it  is  slight.  Individuals  of  sedentary  habit  and  feeble  muscular 
development  are  especially  subject  to  the  condition.  The  physiological 
effect  of  the  full  stomach  is  noted,  and  also  anything  which  tends  to 
elevate  the  diaphragm.  During  the  latter  part  of  pregnancy  the  heart  is 
much  pushed  up  and  is  compressed,  thus  showing  very  little  mobility. 
Immediately  after  delivery,  however,  the  highest  grade  is  found,  and  the 
apex  may  be  displaced  on  the  left  side  9  centimetres  from  its  original 
position. 

MORITZ  TABLE.^ 

Ilealthtj  Adult  Man  {Age  17  to  56). 
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IHsplacnnent. — In  this  coudition  the  heart  may  retain  its  normal 
shape,  only  changing  its  position.  The  most  frequent  cardiac  displace- 
ment isdextro-cardia,  which  is  a  conn:enital  nial])osition.     In  the  acquired 

MI.  ( Jocht,  "  naiKlluicli  (ler  Ktintgenlehre,"  "  Krwachsene  gesun<le  Manner 
(von  17  bis  50  Jahren)." 
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forms  of  malposition  the  heart  may  be  displaced  low  down  in  the  chest, 
the  pulsations  may  be  felt  behind  and  below  the  lowermost  extremity  of 
the  sternum,  or  it  may  be  placed  to  the  right  of  the  sternum  or  the  left 
outside  the  lefb  nipple  line,  these  facts  being  confirmed  at  the  same  mo- 
ment with  the  fluoroscope.  Fluid  in  the  left  pleural  sac  causes  the  heart 
to  be  pushed  toward  the  right  side,  while  exactly  the  opposite  condition 
exists  when  the  right  i>leural  cavity  is  so  affected ;  but  in  dry  pleurisy  the 
adhesions  may  draw  the  heart  toward  the  affected  side.  Distention  of 
the  pleural  cavity  by  gas,  as  seen  in  emphysema,  also  causes  a  displace- 
ment either  to  the  right  or  the  left,  depending  upon  the  cavity  that  is 
involved.  An  increased  elevation  of  the  diaphragm  causes  the  heart  to 
assume  a  position  on  its  long  axis  so  that  the  right  ventricle  is  pulled  to 
the  anterior  position,  the  chief  feature  of  recognition  being  the  increased 
distinctness  of  the  right  side  of  the  heart  when  the  chest  is  examined  from 
behind. 

Cardiac  Atrophy y  Hypertrophy,  and  IHlataiion, — These  conditions  are 
revealed  by  a  screen  examination.  Atrophy  presents  a  small  size  of  the 
organ.  In  hypertrophy  or  dilatation  of  the  left  ventricle,  the  apex  has 
changed  from  its  normal  position,  the  shadow  area  is  increased,  and  the 
clear  space  normally  existing  between  the  heart  and  liver  (as  seen  on  a 
deep  inspiration)  is  diminished  in  size  or  has  totally  disappeared.  If  the 
right  ventricle  is  increased  in  size  the  base  usually  appears  more  or  less 
drawn  down  and  the  long  axis  assumes  a  more  nearly  horizontal  position. 
Abdominal  distention,  with  either  fluid  or  gas,  causes  an  elevation  of  the 
diaphragm,  hence  another  cause  for  change  in  the  position  of  the  heart. 
I  have  often  noticed  that  the  heart  atrophies  in  advanced  cases  of  tuber- 
culosis. In  a  pneumonia,  displacement  is  usually  toward  the  unaffected 
side ;  in  an  extensive  emphysema  the  heart  naturally  occupies  a  posi- 
tion lower  than  normal.  Aneurisms,  new  growths,  and  adhesions  are 
among  the  other  causes  of  cardiac  displacement.  Thome*  observed  a 
heart  to  shrink  after  its  exposure  to  the  Rontgen  rays  for  thirty  minutes, 
lu  one  case,  the  heart  had  shrunken  in  its  long  axis  some  13  to  2  inches 
(4.5  to  5  cm.),  while  in  its  transverse  diameter  the  contraction  amounted 
to  15  inches  (4  cm.).  Experiments  in  this  connection  have  been  con- 
ducted on  dogs,  the  results  in  general  showing  a  considerable  shrinking. 

Care  should  be  taken  when  fluoroscoping  the  heart  to  differentiate 
l)etween  true  atrophy  and  displacement.  In  the  Schott  treatment  of 
heart  disease,  the  attendant  studies  the  patient's  heart  before  and  after 
each  treatment.  I  have  never  observed  any  change  in  the  size  of  the 
heart  except  an  alteration  in  the  pulse  rate  noted  in  certain  neurotic  cases. 

Acute  Dilatution  of  Heart, — F.  Moritz*  stated  that  orthodiagraphy  has 
failed  to  confirm  the  occurrence  of  any  appreciable  acute  dilatation  after 

'British  Medical  Journal,  1896,  vol.  ii.  p.  1238. 

*Miinchener  medicinische  Wochenschrift,  lii.,  No.  15,  April  11 :  "  Acute  dilatation 
of  the  heart  due  to  diphtheria." 
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physical  exertion,  after  hot  baths,  the  injection  of  alcohol,  narcotic  or 
other  medication  ;  chloral,  chloroform,  caflfein,  or  kola.  It  has  revealed, 
however,  that  the  outline  of  the  heart  is  smaller  in  the  upright  position 
than  when  the  subject  reclines.  He  believes  that  an  interesting  field 
for  research  is  opened  by  orthodiagraphy  of  the  dilated  heart,  whereby 
we  can  study  the  influence  exerted  upon  it  by  rest  in  bed,  digitalis, 
carbonated  baths,  electric  baths  and  gymnastics,  etc.  H.  Dietlen* 
states  that  he  has  examined  47  out  of  65  patients  suffering  from 
diphtheria  with  the  aid  of  the  Moritz  orthodiagraph,  the  subjects  reclin- 
ing, and  he  found  that  20of  these  47  iiresented  evidences  of  myocarditic 
phenomen.a.  In  15  of  this  group  (75  per  cent,  of  the  cases  of  endocar- 
ditis and  32  per  cent,  of  the  total  number),  dilatation  of  the  heart 
was  unmistakably  apparent  when  examined  with  the  orthodiagraph. 
Even  extreme  degrees  of  dilatation  are  liable  to  retrogress,  so  that  the 
prognosis  is  not  necessarily  bad. 

Kramifuition  of  the  Heart, — Kraus^  has  analyzed  the  findings  of  radio- 
scopy of  the  heart  in  health  and  disease.     He  asserts  that  the  shades  of 
difference  l)etween  the  heart  shadows  cast  in  cases  of  various  valvuhir 
affections  are  of  greater  diagnostic  importance  than  dilatation  of  the 
h(*art  alone.     These  differences  in  shadows  are  due  to  changes  in  the 
shape  of  the  various  sections  of  the  heart,  the  immediate  consequence  of 
the  valvular  defect.     The  consecutive  hypertrophy  of  the  muscnlatnie 
and  passive  dilatation  naturally  reinforce  and  emphasize,  as  it  were,  the 
difference's  in  the  (mtliiu*.     This  is  especially  marked  in  the  left  convex 
jirotrusion  of  the  so  called  left  middle  arc  in  Ciu^e  of  mitral  defect,  also  in 
tiie  varviniT  behavior  of  the  left  lower  arc  willi  mitral  insufliciencv  and 
l)ure   mitral  stenosis,   and,   finally,    in  the  outline  of  the  shadow  as  it 
spreads  to  the  I'ight,  in  case  of  aortic  and  mitral  defects.     R4idioscoj>y 
of  the  heait  altei*  artificial  distention  of  the  stomach  is  verv  instructive. 
The  presystolic  pulsation  of  the  right  auricle  can  be  distinctly  distin- 
guished from  the  contraction  of  the  ventiicle.     Two  and  sometimes  three 
contnictions  of  the  auricle  to  one  of  the  ventricle  are  sometimes  noted. 
Intermittence  of  the  heart  is  seen  to  be  bv  no  means  ahvavs  identi(*al 
witli  intermittence  of  the  pulse.    In  cases  of  tachycardia  and  bradycardia 
r,tdi«»x-i»j»y   throws    lic^lit    on    many    hitherto    nnexplainable    pix)cesses 
*^I»*-iially  thos<:*  of  nervous  oi-i*;in. 

I** ri'ftnlitis  Pf, 'Irani i((I  KtVusion  ),  —  If  an  enlarj^ed  vShadow  is  c*ast  by 
tJi«'  c.iniiac  area,  it  indicates  hypertrojdiy,  or  a  pericarditis  with  effusion. 
Ii  t!i«'ie  is  ]»re>ented  a  movement  of  the  left  border  of  the  heart's  shadow, 
it  iudieat*'^  enlar^^^ement.  In  case  no  such  pulsiition  is  demonstra- 
]>.*-.  j'^-ricaiditi'^  with  an  etTusioii  should  he  surmised.     The  shadow  of  a 

y:  :.  :.-:..-r  :..-i:  ii.^.  ii..  W-M-luMi-.-hrilt.  lii..  N".  1^.  April  11.  U**^:  "A.  ute 
••■    .'•*     :.     :•■•-;•;"•:>•:■> 'iii'iitlu-ria." 
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pericardial  effusion  is  rounded  or  circular,  while  that  of  hypertrophy  is 
more  or  less  pyriform.  In  most  cases  the  shadow  cast  by  an  effusion  is 
not  so  dense  as  tliat  produced  by  the  heart  muscle  itself,  so  that  in  view- 
ing the  shadow  field  we  may  find  a  variety  of  shades  ranging  from  a 
slightly  lighter  field  to  one  that  is  dark.  A  change  in  the  upper  level  of 
the  shadow  may  occasionally  be  noticed  by  changing  the  position  of  the 
patient 

Aortic  Aneurism, — Cases  of  aneurism,  unsuspected  and  unrecognized 
by  the  attending  physicians,  have  l)een  revealed  by  careful  fluoroscopic 
and  skiagraph ic  examinations.  While  aneurisms  are  sometimes  un- 
detected by  X-ray  examinations,  a  large  number  are  supposedly  diag- 
nosed that  in  reality  do  not  exist ;  an  early  diagnosis,  therefore,  is  most 
important.  The  prognosis  of  aneurism  was  formerly  regarded  as  most 
unfavorable,  but  in  the  light  of  recent  knowledge  the  so-called  ^*  com- 
mencing aneurisms  of  the  aorta"  have  been  shown  to  remain  often 
stationary,  and  that  they  do  not  necessarily  proceed  to  a  fatal  termina- 
tion. They  can  always  be  studied  during  treatment  as  to  their  size, 
position,  pulsation,  etc. 

Fluoroscopic  examinations  are  preferred  by  most  operators  because 
they  are  enabled  to  see  the  tumor  or  pulsating  condition  and  because  the 
condition  can  be  examined  from  different  angles  and  positions.  Both 
methods  should  be  employed,  although  I  never  use  the  fluoroscope. 

The  skiagraphic  examination  is  identical  with  the  technic  described 
on  diseases  of  the  lungs  and  heart. 

The  shadow  of  the  normal  aorta  (when  viewed  anteriorly  or  posteri- 
orly) is  almost  totally  obscured  by  the  superimposed  shadows  of  the 
sternum  and  the  vertebral  column,  with  the  exception  of  a  small  shadow 
to  the  left,  cast  by  the  left  lateral  a  rtic  bulge. 

Aneurisms  of  the  ascending  portion  of  the  arch  of  the  aorta,  being 
nearer  to  the  anterior  wall  of  the  chest  than  the  posterior  wall,  cast 
shadows  extending  to  the  right  of  the  sternum  and  above  the  heart. 

Aneurisms  of  the  descending  portion  of  the  arch  of  the  aorta 
(Figs.  185  and  186)  usually  cast  shadows  to  the  left  of  the  sternum,  which 
are  nearer  the  posterior  than  the  anterior  wall  of  the  chest.  If  the 
aneurism  is  very  large,  the  shadow  will  extend  to  both  sides  of  the 
sternum. 

Aneurisms  of  the  transverse  portion  of  the  arch  of  the  aorta  will  cast 
shadows  slightly  to  the  left,  and  if  large  the  shadow  observed  will  extend 
up  to  the  neck.  This  detection,  however,  is  verj-  dif&cult,  and  requires, 
in  addition  to  anterior  and  posterior  examinations,  left  lateral  and  right 
lateral  oblique  examinations. 

Beginning  or  diffused  aneurisms  are  diflScult  of  diagnosis,  especially 
so  in  corpulent    individuals.     Gocht*   declared  that  by  means  of  the 

'Lehrbuch  der  Ri'mtgenuntersuchung,  Stuttgart,  1898,  p.  199. 
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R<>ntffen  raj'S  it  was  possible  to  determine  the  presence  of  an  aneurism 
where  doubtful  symptoms  wei'e  manifested. 

Dumstrey  and  Metzner'  urged  considerable  eautiou'iii  reaching  con- 
c'lnsions  regarding  the  existence  of  aneurisms  by  inesms  of  the  Bdntgeo 
rays,  especially  where  physical  signs  or  symptoms  failed  to  be  elidtod; 
they  furthermore  believe  that  meiliastinal  tumors  may  give  rise  to  the 
same  appearance. 

Drs.  Goo.  Pfahler  and  Jos.  Sailer'  assert  that,  after  a  careful  com- 
parative study  with  X-ray  diagnoses  and  post-mortem  examinatioiis  uf 
supposed  aneurisms,  they  found  that  the  tortuosity  of  the  aorta  was 
in  many  instances  confounded  with  the  existence  of  aneurisms. 

Dr.  G.  II.  Orton*  sjiys  that,  ''In  some  Ciises,  even  with  these  four 
examinations,  the  shadows  of  the  aoi'ta  cannot  be  satisfactorily  inspected. 
owing  to  complications  which  may  mask  it." 

Of  late,  I  am  making  sterco-skiagninis  of  the  chest,  and  find  them 
valuable  in  differential  studies  involving  the  aorta,  hearty  and  lungs  iu 
their  respective  relations  to  ejich  other  and  to  the  bony  thorax. 

In  many  cases  of  small  aneurism,  the  oblique  method  of  examination 
should  Ix*  employed.  This  has  been  well  described  by  Holzknecbt 
aiulBeclere:*  '"^It  consists  in  rotating  the  patient  so  that  the  rays 
IKMietrate  the  chest  obliiiuely.  If  the  screen  is  placed  on  the  left  of  the 
patient  and  the  tube  on  the  right  side,  the  pericardial  shadow  is  bonutled 
by  two  clear  spaces;  the  retrosternal  in  front,  and  the  retrocmliac 
lM»hiiid.  In  this  position  the  inferior  })arts  of  tlio  ascending  and  des4^-oinl- 
in*;  aorta  can  be  seen,  but  the  arch  is  hidden  by  the  shadows  of  the 
shoul(h»r  muscles  and  vertebral  column. 

*•  Now  if  tln»  ]>atient  is  rotated  so  that  the  rays  penetrate  the  ciitT^' 
at  an  an^lc  of  4.")'^  forward  and  from  left  to  right,  the  l>est  iK)siti«'!i 
is  obtained.  In  this  ])osition  tiic  cardiac  shadow  is  angular,  the  l»:w* 
c(>ntinuons  with  tin*  diaphrajrm,  the  superior  angle  prolonged  into  ;i 
vertical  olVshoot,  caused  )>y  the  superimposed  shadows  of  the  asceiul 
ing  and  descending  i)arts  of  the  arch.  In  this  position  many  cas^-s 
of  suppos«'d  aneurism  which  show  the  marked  aortic  bulge  in  the 
anteroposterior  examination  are  shown  not  to  be  true  aneurisms,  h^ 
suspected  cases  the  examination  is  not  complete  until  this  method  ba> 
Imm'U  t'mi>loye<l.'' 

Another  important  sign   in  the  diagnosis  of  aneurism,  first  pointtti 
out  by  Walsham,  consists  in  a  change  in  the  position  of  the  heart,  whiclj 
comes  to  lie  mon-  transversely,  the  light  side  being  apparently  jmsW* 
down  by  the  aneuiism,  with  a  tilting  ui)ward  of  the  apex.     Orton.  like 
W1S4'.  regards  the  position  of  the  heart  as  a  very  valuable  and  consl.uu 

'  I-'i«rt>clnittr  :inf  .Inn  <  JrMt-ti'  .Nt  K'»iit'j«'n<tr:i}ilcn,  vol.  i. 
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sign.     There  are  shadows  that  may  exist  either  to  the  right  or  left  of  the 
sternum  which  may  be  confounded  with  the  diagnosis  of  aneurism. 

1.  Dilatation  of  the  aorta  (not  aneurismal). 

2.  Displaced  aorta  (dislocated). 

3.  Enlarged  glands. 

4.  Neoplasms. 

5.  Pulsating  empyema. 

1.  DUatatian  of  the  Aorta  (Fig.  187). — This  condition  is  often  con- 
founded with  aneurism ;  the  shadow  cast  will  be  on  either  side  of  the 
sternum,  the  diagnostic  point  being  that  this  pulsating  shadow  will  dis- 
appear between  the  pulsations  (the  diastole);  because  with  the  contrac- 
tion of  the  aorta  the  shadow  thrown  will  l)e  smaller,  or  it  will  be  com- 
pletely hidden  by  the  shadows  cast  by  the  sternum  and  vertebral  column. 
In  this  differentiation  the  fluoroscopic  examination  will  prove  more 
useful  than  will  the  skiagraph. 

2.  Displaced  Aorta. — This  condition  usually  appears  to  the  left  of 
the  spinal  column,  a  pulsating  shadow  being  evidenced  as  far  as  five  or 
six  inches  to  the  left  of  the  border  of  the  sternum.  This  is  a  much 
greater  area  than  will  be  projected  by  the  aneurism  of  the  arch. 

Abnormalities  of  the  thorax  and  spine  should  be  excluded. 

3.  Enlarged  Glands. — Enlarged  lymphatic  and  bronchial  glands 
east  scattered  shadows,  with  absence  of  the  characteristic  expansile 
pulsations. 

4.  Neoplasms. — Mediastinal  growths,  t.  e.,  carcinoma  and  sarcoma, 
can  be  diflerentiated,  in  that  the  latter  cast  darker  or  denser  shadows, 
the  edges  are  hazy,  indistinct,  and  uniform,  and  by  the  absence  of  ex- 
pansile pulsations.  Care  should  be  exercised  not  to  overlook  transmitted 
pulsations. 

5.  Pulsating  Empyema. — Pulsating  empyema  and  other  intra- thoracic 
abscesses  will  be  differentiated  by  the  history,  their  location,  and  form. 

Aneurisms  of  the  abdominal  aorta  cannot  be  well  demonstrated  in 
corpulent  persons,  owing  to  lack  of  contrast  with  the  surrounding  tissues, 
as  the  shadows  of  the  aorta  and  vertebree  superimpose,  when  skiagraphed 
in  either  the  ventral  or  dorsal  positions.  Lateral  and  oblique  positions 
are  always  advisable  in  skiagraphing  this  condition. 

Atheroma. — Atheroma  and  calcification  of  the  blood-vessels  can  be 
well  demonstrated.     (Fig.  188.) 


CHAPTER  V 

APPLICATION  OF  THE  X-RAYS  IN  DISEASES  OF  THE 

ABDOMINAL  ORGANS. 

I.  Alimentary  System. 

The  employ  meut  of  the  X-rays  in  the  diagnosis  of  diseases  of  the 
alimentary  system  has  not  as  yet  yielded  the  same  results  or  been  as 
ea^  of  application  as  is  evidenced  in  diseases  of  the  thoracic  organs, 
for  the  obvions  reason  that  there  exist  no  tissue  differences. 

There  are  various  means  of  producing  the  necessary  contrast  or 
difference  between  these  soft  tissues :  (1)  by  gaseous  distention,  which 
renders  the  stomach  more  translucent;  (2)  by  the  introduction  of 
opaque  instruments  or  mechanical  methods ;  (3)  the  bismuth  subnitrate 
method,  by  which  the  organs  become  more  opaque ;  (4)  the  transillumi- 
nation method,  which  consists  in  illuminating  the  stomach  by  the  intro- 
duction of  fluorescent  materials,  radium,  etc. 

A.  CEbophagus. 

In  order  to  examine  this  tubular  muscular  organ,  for  its  position, 
direction,  etc,  we  may  introduce  a  rubber  sound  with  a  metal  iK>int,  or  a 
rubber  tube  filled  with  mercury  or  fine  shot. 

The  fluoroscopic  examination  should  be  made  with  the  patient  in  the 
semi -recumbent  or  standing  position,  so  i\s  to  prevent  the  su  peri  ni  posit  ion 
of  the  shadows  cast  by  the  vertebne,  heart,  aorta,  etc.  Allow  the  shadow 
to  fall  on  a  clear  area  and  apply  the  fluoroseope  obliquely  over  the  right 
and  left  sides,  and  also  in  the  right  and  left  antero-lateral  positions. 

Skiagraphic  examinations  should  l)e  made  in  the  same  positions 
as  in  the  fluoroscopic  method,  but  the  posterior  position  is  more  com- 
fortable for  the  patient. 

Stricture  of  the  CEsophiUfHS. — Constrictions  of  the  oesophagus  e^in  he 
best  ascertained  by  the  introduction  of  a  bougie  with  metallic  ends,  or 
by  the  use  of  a  metallic  sound,  and  viewing  its  pjissage  in  the  above 
manner. 

Stenones  of  the  (Esophat/us, — Barha'  i*eports,two  cases  of  oasophageal 
stenoses,  in  which  he  made  nidioscopic  observations.  The  chief  point 
brought  out  in  his  study  is,  that  the  ordinary  methods  of  examination  for 
stenosis  of  the  oesophagus  (the  most  important  of  which  is  the  use  of 
sounds)  do  not  enable  us  to  differentiate  an  organic  stenosis  of  the  caual 
from  a  narrowing  occasioned  by  the  i)ressure  of  tumors  in  the  mediasti- 
num or  by  other  causes  of  compression.    The  presence  of  these  canses  of 

»Ri{orma  Mwlica,  December  28, 1905. 
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conipi'essioD  in  tlie  iiiediiistinum  is  very  difficult  to  determine  by  physical 
examination,  and  only  the  Bontgeu  rays  enable  ua  to  make  an  accurate 
diagnosis.  In  the  two  crises  reported,  radioscopy  showed  that  the  ste- 
nosis, ia  each,  was  caused  by  the  compression  of  tnmors  in  the  posterior 
mediastinum.  In  both  cases,  the  radioscopic  examination  was  aided  by 
the  passage  of  a  sound  filled  with  a  concentrated  solution  of  bismuth 
subnitrate,  or  else  provided  with  a  metallic  stylet. 

Dieerticulnm, — A  diverticuluni  may  often  be  diagnosed  by  the  at>ove 
method.  The  bougie  or  sound  may  not  ent«r  into  the  pouch,  however, 
when  it  becomes  necessary  for  the  patient  to  drink  bismuth  suspended  in 
water  ;  one  to  two  parts  to  100  parts  of  water.  When  possible,  skiagraphs 
should  be  taken,  as  it  rei;[uires  but  a  few  minutes  and  the  operator  does 
not  endanger  his  bauds. 

Tumors. — Dr.  Hugh  Walsham '  reports  two  cases  of  carcinoma  of  the 
cesopbagas.  He  says  that,  "  we  must  not  expect  so  definite  a  shadow 
as  seen  in  cases  of  aortic  aneurism."  The  diagnosis  of  an  cesophageal 
growth  is  more  difficult  thau  that  of  aneurism. 

Before  the  screen  esamination  he  gi^es  the  patient  two  drams  of 
carbonate  of  bismuth,  suspended  in  a  little  milk  or  mucilage.  This 
will  map  ont  the  seat  of  the  obstruction,  whilst  the  topography  of  the 
tesophagns  can  be  traced  by  a  metallic  bougie. 

B.  Stomach;    Size,  Shape,  and  Position. 

Examination  by  Aid  of  Gnsemis  IXslention. — This  method  consists  in 
distending  the  stomach  by  the  ingestion  of  certain  chemical  ^ents 
which  upon  reaction  result  in  the  evolution  of  gases.  The  chemical 
most  frequently  employed  is  Seidlitz  powder.  Upon  the  fluoroscope  the 
stomach  appears  as  a  dark  area,  upon  the  negative  as  a  light  area.  This 
method  causes  the  distention  of  the  stomach  walls  and  the  displacement 
of  the  eurrouudiug  organs,  so  that  little  information  can  be  gained  by 
this  procedure. 

Mechanical  Method.— Im  this  method,  a  rubber  tube  containing  a 
spirally  coiled  wire  is  introduced  thniugh  the  mouth  into  the  stomach. 
Turck'a  gyromele  is  a  device  employed  to  determine  the  outline  of  the 
Stomach  by  lluoroscopic  means. 

Neumann '  uses  a  Politzer  rubber  bulb  with  a  soft  stomach  tube  for 
aspiration  of  the  stomach  contents.  After  the  stomach  has  been  emptied 
and  a  clean  bulb  attached  to  the  tube,  it  is  possible  to  determine  tlie  out- 
line of  the  stomach  with  great  precision,  by  listening  to  the  souud  when 
air  is  forced  from  the  rubber  bulb  int^)  the  stomach.  A  small  amount  of 
air  is  sufficient  for  the  test,  thus  avoiding  distention  of  the  organ. 
In  every  instance  radioscopy  confirms  the  flndiugs  of  auscultation  as 
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the  bulb  is  compressed  and  the  air  forced  into  the  stomach.  This  test 
is  usefal  in  dobious  cases  in  the  differentiation  of  gastric  from  intestinal 
stenosis. 

The  Bismuth  Subnitrate  Method. — This  method  consists  of  the  inges- 
tion of  subnitrate  of  bismuth,  either  mixed  with  food  suspended  in  water, 
or  administered  in  capsule  form.  ThLs  method  was  introduced  and  first 
employed  by  MM.  J.  Ch.  Roux  and  Balthazard.*  In  1897,  F.  Williams, 
of  Boston,  applied  this  method  most  extensively.  The  employment  of 
the  bismuth  test,  at  the  present  time,  is  universal. 

Technic  of  the  Bismuth  Method. — Chemically  pure  bismuth  subnitrate 
should  always  be  employed.  Cases  of  poisoning,  though  not  fatal,  have 
been  reported  where  the  impure  salt  was  taken.  The  stomach  should  be 
empty,  no  water  should  be  partaken  of,  and  the  bowels  should  be 
thoroughly  purged  twenty-four  hours  prior  to  the  examination.  Eoux 
and  Balthazard  use  bismuth  subnitrate  in  the  proportion  of  0.20  per  cubic 
centimetre.  Williams  has  administered  as  much  as  one  ounce  of  bismuth 
emulsion.  Hultz  gives  the  patient  the  bismuth  in  a  pint  or  more  of 
milk.  Boas  advises  the  partaking  of  bread  and  milk  or  of  potato  soup, 
into  which  has  been  stirred  one  ounce,  or  more,  of  the  bismuth  salt. 

Fluoroscopic  Examination, — Williams  recommends  examination  of  the 
patient  with  the  fluoroscope,  as  **  the  stomach  moves  during  respiration, 
and  therefore  its  outlines  are  blurred  on  the  radiograph."  * 

Holzknecht  and  Brauner '  assert  that  the  passage  of  a  bismuth  tablet 
into  the  stomach  can  be  traced  and  its  expulsion  watched,  and  that  *'the 
action  of  massage  on  the  stomach,  displacement  of  the  organ  during 
respiration,  etc.,  can  be  l>etter  studied  by  a  fluoroscopic  examination. " 

1  do  not  employ  the  fluoroscope,  as  it  is  dangerous  alike  for  the 
operator  and  patient,  and  because  the  taking  of  a  skiagraph  is  only  a 
question  of  seconds.  A  severe  X-ray  dermatitis  occurred  in  the  hospital 
while  the  attending  i)hysician  and  my  assistant  were  examining  such  a 
case  with  the  fluoroscope. 

Skidf/raphic  Examination, — The  i>atient  lies  over  a  14  x  17  inches 
(35  X  43  cm.)  plate,  a  penny  being  placed  over  the  umbilicus  and  then 
secured  by  adhesive  plaster.  The  patient  must  remove  his  clothing. 
The  ventral  or  dorsal  decubitus,  sitting,  vStanding,  or  semi -recumbent 
position  may  be  employed. 

In  the  ventral  jiosition,  the  anterior  wall  of  the  stomach  comes  in 
contact  with  the  plate.  In  the  dorsiil  ])ositiou,  the  posterior  wall  will  be 
nearer  to  the  plate.  In  the  sitting  or  standing  position,  the  weight  of 
the  bismuth  will  depress  the  lower  border  of  the  stomach,  so  very  im])or- 
tant  in  the  study  of  crises  of  gavStroi)tosis.     The  ventral  position  is  to  l>e 

'  ('.  R.  do  rAcradrmie  des  Sciences,  1896.  R()ucliar<l,  Traite  de  liadiolojrie  Mt'ili- 
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preferred,  because  the  bismuth  adheres  upon  the  anterior  gastric  wall, 
presenting  clearly  the  fundus,  the  cardiac  end,  and  the  general  contour 
of  the  organ. 

The  Crookes  tube  should  have  a  high  vacuum.  The  anode  is  placed 
perpendicularly  over  the  third  and  fourth  lumbar  vertebrae,  at  a  distance 
of  20-25  inches  (50-63  cm.)  from  the  plate. 

Time  of  Exposure.  —  The  time  of  exposure  should  be  as  short  as 
possible,  because  of  the  danger  of  blurring,  occasioned  by  peristalsis  and  . 
from  the  diaphragmatic  movements.  The  exposure  can  be  made  suffi- 
ciently short  either  after  a  full  inspiration  or  after  a  forced  expiration. 
Narcotics  to  lessen  peristalsis  are  seldom  necessary.  In  corpulent 
subjects,  especially  when  the  apparatus  is  inadequate,  the  intensifying 
screen  can  be  used ;  but  when  a  fine  negative,  full  of  detail,  is  to  be 
brought  out,  the  granularity  produced  by  the  screen  is  a  serious  disad- 
vantage. I  employ  a  high-vacuum  tube,  with  an  electrolytic  interrupter, 
duration  3  to  15  seconds,  thus  allowing  the  patient  to  hold  his  breath 
after  a  full  inspiration. 

Dr.  Henry  K.  Pancoast  *  reported  the  cases  of  40  patients,  suffering 
with  gastric  or  gastro-intestinal  symptoms.  The  technic  he  employs  is  as 
follows:  ^'Bismuth  subnitrate  held  in  suspension  in  mucilage  of  acacia 
(proportion  of  two  ounces  of  the  powder  to  the  pint)  (or  64  grams  to 
one-half  litre)  was  either  poured  into  the  stomach  through  the  stomach 
tube  or  was  swallowed  by  the  patient ;  the  latter  method  was  principally 
used.  The  bulk  of  the  bismuth-acacia  mixture  varied  from  six  to 
thirty-two  ounces  (190  to  700  grams).  Immediately  after  the  bis- 
muth had  reached  the  stomach  the  pictures  were  taken,  the  patient 
being  in  the  standing  position,  and  the  plate  in  contact  with  the  anterior 
abdominal  wall. 

*'The  rays  were  thrown  posteriorly,  the  patient  holding  the  breath 
during  full  inspiration  for  an  exposure  of  eight  to  fifteen  seconds  ;  thus 
eliminating  blurring  by  respiratory  and  peristaltic  movements.  After 
the  picture  has  been  taken,  it  is  advisable  to  siphon  the  bismuth  mixture 
out  of  the  stomach. 

"  In  several  cases  as  much  as  four  ounces  of  bismuth  was  left  in  the 
stomach  with  no  unpleasant  symptoms ;  but  on  the  other  hand,  six  cases 
showed  toxic  symptoms  after  this  amount  had  not  been  removed.  For 
the  purpose  of  obtaining  the  lower  border  and  segment  of  the  stom- 
ach, six  ounces  of  the  emulsion  containing  one  ounce  (32  gnims)  of 
bismuth  is  sufficient.  This  amount  has  been  left  in  the  stomach  with 
no  bad  effects.'' 

Dr.  Joseph  Sailer,  of  Philadelphia,  has  reported  untoward  symp- 
toms following  the  administration  of  bismuth.  The  symptoms  varied, 
but  cyanosis,  dyspnoea,  nausea,  etc.,  were  noted  in  several  patients.    The 

*  University  of  Pennsylvania  Medical  Bulletin,  August,  1906. 
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prownoe  of  antimony  and  arsenic  was  ezcladed,  and  it  was  thought  that 
the  raya  had  a  peculiar  action  on  the  tryx>8in,  with  disintegration  of  the 
snbnitrate.  Undoubtedly  the  action  only  started  after  the  bismuth  had 
been  for  some  period  in  the  intestine,  and  had  been  acted  upon  by  the 
ferments  present.' 

Dr.  Henry  Hnltz*  asserts  that:  '^Immediately  after  the  bismuth 
meal  two  dorso-ventral  exposures  are  to  be  made,  one  in  the  standing  or 
sitting  position,  and  one  in  the  recumbent  position.  Assuming  that  the 
first  B5ntgenographs  were  taken  at  noon,  the  next  one  should  be  made 
about  six  hours  later,  the  patient  having  partaken  of  neither  fluids  nor 
solids  since  the  noon  hour." 

He  employs  the  following  technlc :  A  16-inch  coil,  Wehnelt  inter- 
rupter, but  one  intensifying  screen,  a  strong  tube  yielding  Walter  six 
lays^  placed  20  inches  (50  cm.)  from  the  plate.  He  succeeded  easily 
in  skiagraphing  the  stomach  of  a  medium-sized  snbject  in  one  second, 
and  obtained  a  very  good  plate  taken  under  the  same  conditions  but 
without  the  use  of  intensifying  screens  in  three  seconds.  He  prefers  an 
exiKMSure  of  ten  seconds  without  the  screen. 

Holzknecht  and  Brauner  *  recommend  the  following  technic :  The 
views  are  taken  standing  and  reclining  and  during  inspiration  and  expi- 
ration ;  the  most  important  information  generally  being  obtained  by  radi- 
oscopy. To  examine  the  standing  patient,  the  Bontgen  tube  and  the  fluo- 
rescent screen  are  suspended  by  weights  from  a  wooden  standard,  jMurallel 
to  each  othor.  The  patient  swallows  a  tablet  of  bisiiiuth  and,  after  its 
course  has  been  traced,  he  drinks  50  grammes  of  water  into  which  10 
grammes  of  bismuth  have  been  stirred.  After  the  findings  of  this  test 
have  been  noted,  the  patient  is  directed  to  drink  a  mixture  of  4  grammes 
of  tartaric  acid  and  5  grammes  of  sodium  bicarbonate.  On  the  following 
day,  the  patient  is  given  400  grammes  of  milk  grnel  containing  35giammes 
of  bismuth  while  he  reclines  on  the  left  side,  with  the  Eontgen  tube  applied 
to  tJie  dorsjil  asp(*<;t  of  the  body ;  subseqnently  he  is  examined  when 
lying  on  the  right  side  and  again  when  in  the  doi-sjil  posture. 

llemnieter  of  Baltimore*  has  recently  used  the  following  method: 
"The  dilatcHl  stomach  is  coated  internally  with  bismuth  subnitrate  by 
mesins  of  a  powder  blower,  after  which  its  outline  can  be  distinctly 
recognized  through  the  fluoroscope." 

Kieder^says:  *^Let  the  patient  swallow  a  mixture  of  10  or  15  grammes 
of  bismuth  subnitrate  suspended  in  50  c.c.  of  water,  and  observe  deglu- 
tition by  the  fluorascope.  The  act  of  swallowing  may  be  studied  more 
leisurely  if  a  small  quantity  of  the  bisunith  salt  be  given  in  a  pill.     For 

*  University  of  Pennsylvania  Medical  Hulletin,  August,  1906. 

*  Transactions  of  the  American  Rrintgen  liny  Society,  1906,  p.  45. 
^  Wiener  klin.  Rundschau,  vol.  xliv.  p.  1971. 

*  Diseases  of  the  Stomach,  p.  640. 

*  Miinchener  nied.  Woch.,  epitome  in  Mtniical  Keconl,  Feb.  10,  1906. 
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more  exact  observation,  a  bismuth  meal  is  employed.  Thirty  grammes 
of  bismath  sabnitrate  are  mixed  with  a  little  milk  and  this  is  then  added 
to  300  or  400  grammes  of  flour  gruel,  sweetened  with  milk-sugar  to 
obviate  constipation." 

Dalton  and  Eeid  *  obtain  the  position  of  the  stomach  by  the  employ- 
ment of  an  oesophageal  tube  containing  bismuth. 

The  Transillumination  Method. — This  method  consists  in  introducing 
some  radio-active  substances,  or  an  electric  light  or  air  into  the  stom- 
ach, and  then  viewing  the  viscus  with  the  fluoroscope  or  by  taking  a 
skiagraph. 

Max  Einhorn  *  remarks  that :  ^^  Transillumination  into  the  stomach 
can  be  demonstrated  with  Kahlbaum's  barium  platino-cyanide,  or  by 
means  of  a  photographic  plate.  The  latter  method  has  the  advantage 
that  no  dark  room  is  required  and  that  the  result  obtained  is  visible  to 
every  one,  leaving  nothing  for  imagination  or  speculation. 

*'In  order  to  procure  a  radium  photograph  of  the  stomach  I  pro- 
ceed as  follows :  The  patient  should  be  in  the  fasting  condition  (empty 
stomach).  The  radio-diaphane,  containing  0.05  gm.  (or  more)  of  pure 
radium  bromide,  is  introduced  into  the  stomach.  The  patient  occupies 
a  recumbent  position,  and  a  photographic  plate  is  put  directly  over  the 
gastric  region  and  allowed  to  remain  there  for  one  or  two  hours,  accord- 
ing to  the  requirement  of  the  case.  The  plate  is  then  removed  and  the 
radio-diaphane  withdrawn.     The  plate  is  then  developed. 

"(Contrary  to  my  expectations,  radium  enclosed  in  a  quartz  flask 
failed  utterly  to  transmit  the  photographic  rays,  while  thin  ordinary 
glass  answered  the  purpose  very  well. 

**The  shortest  time  for  obtaining  a  photographic  outline  of  the 
stomach  is  one  hour  ;  in  less  than  an  hour  hardly  anything  is  visible  ;  one 
and  a  half  to  two  hours  bring  out  the  outlines  more  distinctly.  Insuffla- 
tion of  air  into  the  stomach  occasionally  aids  in  obtaining  a  good  picture. 

**A  few  of  the  better  radium  photographs  in  my  possession  are 
reproduced  herewith  and  show  that  transillumination  of  the  stomach  by 
means  of  radium  is  feasible.  It  is  even  possible  to  recognize  an  area  of 
light  which  had  to  pass  through  the  posterior  wall  of  the  stomach  and 
the  back  of  the  thorax.  One  of  my  negatives  shows  a  key  which  was 
hanging  below  the  left  scapula  and  was  thus  photographed  by  the  trans- 
mitted light  from  the  stomach. 

"Considerable  sized  tumors  of  the  stomach  or  liver  can,  sometimes,  be 
recognized  on  the  picture  by  the  diminished  translue^ncy.  Thus  far,  how- 
ever, I  have  not  succeeded  in  obtaining  definite  outlines  of  the  growth.'' 

Sinclair  Tousey '  finds  the  radio-active  and  fluorescent  solutions,  as 

» Lancet,  April  1,  1905. 

*  Archives  of  Physiological  Therapy,  Sept.  1905,  p.  115. 

*New  York  Medical  Jounial,  May  21,  1904. 
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prepared  by  him  with  qainine  bisulphate  and  fluorescin,  are  innocaous 
when  given  by  the  mouth  or  subcutaneously,  but  do  not  produce  singly, 
or  in  combination,  sufficient  fluorescence  to  be  of  value  in  tlie  examina- 
tion of  the  stomach  without  the  use  of  some  additional  light  to  excite 
their  fluorescence.  In  some  cases,  however,  they  will  Imj  of  the  greatest 
assistance  in  the  diagnosis  of  stomach  lesions,  and  at  times  of  advantage 
in  X-ray  treatment. 

In  cases  of  gastroptosis,  I  have  had  experience  with  this  method  at 
the  Philadelphia  Hospital,  where  it  has  not  afforded  me  any  satisfaction. 

C.  The  Clinical  Application  of  the  Rays. 

Stomach. — The  behavior  of  the  stomach  during  digestion  has  been 
studied  with  the  X-rays  on  cats  and  dogs  by  W.  B.  Cannon.*  The  out- 
line of  the  stomach  was  reproduced  on  the  screen  by  giving  the  animal 
small,  but  frequently  rei)eated  doses  of  bismuth  subnitrate.  After  a 
plentiful  feeding  the  viscus  was  observed  to  be  considerably  larger, 
gradually  diminishing  in  size  as  the  process  of  digestion  proceeded  ;  at 
the  same  time,  the  cardiac  end  acted  as  a  reservoir  for  the  ingested  food 
while  the  pyloric  region  presented  marked  peristaltic  movements.  It  was 
further  noted  that  liquids  soon  pass  from  the  stomach,  while  solids  remain 
there  for  an  indefinitely  longer  period. 

The  activity  of  the  digestive  juices  can  be  determined  by  giving  the 
patient  a  small  quantity  of  bismuth  in  a  small  capsule  of  gold-beater's 
skin  or  gelatine.  As  the  patient  swallows,  the  shadow  of  the  opaque 
spot  is  demonstrable  on  the  fluorescent  screen  so  long  as  the  capsule  is 
intact.  When  the  gold-beat^M-'s  skin  luis  been  disintegrated  by  the  action 
of  the  digestive  juices,  the  particles  of  bismuth  become  difl'used  and 
the  V)hick  spot  is  no  longer  seen  on  the  photographic  plate  or  screen. 
The  lime  occupied  by  the  digestion  of  the  capsule  is  a  measure  of  the 
activity  of  the  stomach  and  the  quality  of  the  peptic  juices. 

Repeated  examinations  will  reveal  the  time  that  is  required  to  empty 
the  contents  of  the  stomach.  The  bismuth  accumulates  near  the  py- 
loric end  and  passes  to  the  intestines.  This  consumes  a  period  of  about 
6  or  7  hours. 

Position  of  the  Stomach, — Butler^  asserts  that :  *^  The  lower  border  of 
a  normal  but  nnich  distended  stomach  may  be  found  at  the  level  of  the 
navel.  If  below  the  umbilicus  the  condition  is  abnormal.-'  Quain  believes 
that  :  ^*  It  is  generally  a  little  (half  an  inch  to  an  inch)  above  the  highest 
l)oint  of  the  iliac  crest,  and  about  opposite  the  disk  between  the  third 
and  fourth  lumbar  vertebne."  '  The  shadows  of  the  normal  stomach 
being  approximately  known,  any  increase  or  decrease  in  the  interval  from 

^American  Journal  of  Physiology,  vol.  i.,  May  1,  1898. 
'-'"  Diagnostics  of  Internal  MtMlicine,''  p.  543. 
^Quain'n  Anatomy,  vol.  1.,  p.  679. 
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the  umbilicus  will  inform  the  skiagrapher  of  any  abnormal  gastric  posi- 
tion. When  the  tube  is  at  a  distance  of  20  inches  (50  cm.)  the  distortion 
will  be  very  small. 

Holzknecht,*  however,  believes  that :  '^  A  stomach  which  is  of  nor- 
mal size  and  situated  in  the  normal  position  is  rarely  visible  ;  but  when 
gastroptosis  occurs  the  stomach  becomes  visible.  When  the  walls  of  the 
stomach  are  infiltrated  with  carcinomatous  deposits,  abnormalities  in  the 
contractions  of  the  organ  are  readily  observed,  when  food  mixed  with 
bismuth  is  given  to  the  patient.'' 

Eieder  had  large  quantities  of  bismuth  mixed  with  the  food  and 
given  in  enemata,  and  then  examined  the  patients  with  the  screen.  His 
deductions  are  contrary  to  the  teachings  of  text-books.  When  the  stom- 
ach is  full,  the  pylorus,  for  instance,  may  be  found  to  the  left  of  the 
median  line.  The  full  stomach  lies  vertical  or  diagonal,  never  horizontal. 
There  is  always  an  accumulation  of  gas  to  be  noted  in  the  upper  part  of 
the  fundus  during  stomachic  digestion.  He  also  observed  interesting 
facts  concerning  the  motor  functions  of  the  stomach  and  of  the  various 
parts  of  the  intestines. 

Gastroptosis. — ^This  condition  is  best  shown  skiagraphically  (Fig.  189) 
while  the  patient  is  sitting  or  standing,  or  in  both  dorsal  and  ventral 
positions;  otherwise  the  condition  may  not  be  detected.  Often  there 
will  be  a  difference  in  the  position  of  the  stomach  depending  upon 
whether  the  skiagraph  is  made  after  full  inspiration  or  after  full 
expiration. 

The  form,  size,  and  shape  of  the  stomach  can  be  ascertained  by  a 
careful  study  of  the  normal  stomach  and  then  by  comparing  it  with 
any  supposed  abnormality,  being  careful  that  the  technic  is  identical  in 
each  case. 

G.  Leven  and  G.  Barret'  studied  the  outlines  of  the  stomach  by 
following  the  path  of  a  bismuth  pill,  and  came  to  the  conclusion  that : 
*'  Our  ideas  of  the  shape  of  the  stomach  in  life  demand  revision,  also  that 
the  lower  curve  of  the  organ  does  not  sweep  across  the  abdomen,  but  that 
the  cardiac  end  has  a  small  amplitude  from  which  the  line  runs  inward, 
then  sharply  down  to,  or  below  the  umbilicus,  and  as  sharply  up  again 
towards  the  pylorus. 

"The  form  of  the  stomach  has  therefore  not  the  regular  lines  hitherto 
drawn,  and  such  as  we  see  after  death  ;  but  the  superior  part  is  dimin- 
ished in  size  by  the  dilatation  of  a  tube-like  process  going  downward 
from  the  lower  border  towards  the  navel.'' 

The  authors  aver  that  in  the  normal  stomach  this  tubular  part  re- 
ceives fluids  till  it  is  full.  When  more  liquid  is  added,  the  tube  l)egins 
to  expand,  so  that  the  level  of  the  liquid  remains  constant  for  a  time, 
when  the  latter  finally  invades  the  rest  of  the  cavity  of  the  stomach.     On 

» Berliner  klin.  Wochen.,  February  28,  1906. 
'Presse  Medicale,  Paris,  January  31,  1906. 
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Um;  fAher  hao^  io  a  dilated  .^omach  tb^  aoihors*  dianct^rfsne  awAod 
of  fifliog  b»  DTiC  evident :  the  daid  c»>IIeet»  in  the  lowier  cnrre  of  tibe 
and  the  level  ri«e$»  slowly  and  re^ulariy. 

o/  tM^PfUrtrvT  Emd, — When  the  average  time  which  is  nccas- 
tiary  Uft  the  fia^a^e  of  the  f«jod  bismuth  for  a  normai  stomoich  is  p«K 
longed  ^over  '>  hfMii>  .  it  Ls  indicative  of  sftenoess  of  the  pyloric  emL  or 
of  gaKtric  in^^nffifriency.  either  ca^-^e^l  by  dilatation  or  atooy.  The  ski- 
agrapher  .sboald  make  several  exposare:^  to  determine  the  time  required 
to  empty  the  ?nomsu:h, 

I),    JXTE«TIXEH. 

If  only  the  f^omach  i.s  to  be  examined,  the  bismuth  can  be  pumped 
from  the  stomach  after  the  skiagraph.s  are  made:  if  allowed  to  remain 
for  three,  six.  or  eight  hoars,  the  bismnth  parses  into  the  intestinal  canal 
in  15  or  2f)  hours.  It  Ls  fKi^ible  to  obtain  .skiagrams  of  the  colon  and 
other  jK>rtion.s  of  the  intestinal  tract. 

Kiffiler*  deHan^s  that:  "For  the  large  intestines,  rectal  injections 
may  be  ase^l ;  and  that  b\'  the  use  of  one  litre  of  flaid  containing  bismnth 
it  IH  i>o««ible  to  iasnre  penetration  as  far  as  the  ileo-cjecal  valve." 

Hffun/ling  awl  Rudiography  of  the  Large  Inte^ine. — Schule*  has  been 
testing  various  sonnds,  inclnding  Knhn*s  flexible  spiral  sounds  and  also 
the  Kassel  s^ift  talKfS  with  flexible  metal  guide,  terminating  in  a  button 
2\  to  3^  inchcfS  ("5.5  to  8  cm.;  in  circumference,  thus  obviating  all  danger 
of  j^rrfo rating  the  iiilfstirial  wall.  His  concliL^ion  is.  that  no  conviiieiDg 
jirf>^»f  hits  ]h'<'U  ohtaiijf'd.  to  date,  that  a  s^mud  has  been  sueeessfiilly 
jiass^'d  into  the  d^^vreiiding colon,  to  siy  nothing  of  the  transverse  jwrtiou. 
Thf;  inniini«Tahh;  folds,  windings,  and  swellings  of  the  intestine  render 
it  iinj>ossibl(;  to  determine  whether  an  obstacle  to  the  progress  of  the 
H^Hirjd  is  of  a  natural  or  a  pathological  nature.  On  the  other  hand,  the 
flirect  visual  insi^fction  of  the  reetuni  and  the  sigmoid  flexure  by  the 
J.  SelireilMT  and  II.  Strauss  teehnic  is  perfectly  reliable.  Schiile  found 
that  ''liigh  injections''  were  practical>le,  the  l>est  vehicle  l)eing  oil.  An 
injection  in  the  knee-elbow  position  of  300  to  400  c.  c.  of  oil  with  125 
gm.  of  bismuth  subnitrate,  followed  by  radiograj^hy,  showeil  that  the  oil 
h;id  peni'trated  to  the  ih*o-caM!al  valve.  In  two  of  the  patients  there  wiis 
pronounced  entei-oj>tosis,  the  transveiM*  colon  in  one  hanging  suspended 
like  a  ;^arlan<l  fi'om  the  two  points  of  attachment  at  each  end,  the  centre 
reaching  I'.iv  below  the  upper  plane  of  the  pelvis.  On  account  of  the 
snijill  amount,  of  the  oil  injected,  and  the  fact  that  the  subject  wjus  in  the 
knee  elbow  position  at  the*  time,  the*  injection  could  not  have  been 
respoiisihle  for  1  he  sinking  of  tin?  intestine.  The  radiograms  show  i)er- 
fectly  the  topogniphy  of  the  colon  for  its  entire*  extent.    They  also  prove 

'Munch.  m<''l.  W'ncli..  cpitoiiu'  in  Mcjlical  Rcconl,  Fe])riiary  10,  190t>. 
'Arcliiv  f.  N'mijinnn^'s-Kranklicitcn,  I>»Tlin,  last  in<l('xe«l  j»age  80.'). 
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that  llie  ileo-cffical  v^lve  is  always  continent  Tests  on  the  cadaver 
showed  that  extreme  pressnre,  beyond  what  would  be  possible  iu  the  liv- 
ing subject,  is  necessary  to  force  it  open. 

Intestinal  Ob^rwAUm. — Bndis-Jicinsky '  reports  two  such  cases :  one, 
a  boy  of  10,  swallowed  a  tin  whistle,  and  the  usual  symptoms  of  intestinal 
obstruction  followed.  The  site  of  the  occlusion  could  not  be  determined 
in  the  usual  way.  On  X-ray  examination,  the  whistle  was  found  at  the 
junction  of  the  small  and  large  intestine.  On  the  third  day  tlie  whistle 
was  passed.  A  boy,  of  13,  had  symptoms  of  obstruction  and  was  in  a 
serious  condition.  The  first  diagnosis  was  one  of  invagination  at  the 
lower  portion  of  the  ileum.  On  X  ray  examination  an  obstruction  was 
found  in  the  small  intestine  under  the  umbilicus.  Laparotomy  was 
performed,  and  the  obstruction  was  discovered  to  be  caused  by  a  small 
wooden  whistle.  The  author  has  produced  artificial  ot)struction  in  dogs, 
and  then  traced  a  specially  prepared  pill  to  the  point  of  obstruction  by 
means  of  the  X-raya.     The  diagnosis  in  such  cases  was  verified. 

I  believe  that  the  exact  location  of  the  obstruction  or  of  a  particular 
portion  of  the  intestioc  ca,nnot  be  determined  because  of  the  superimposi- 
tion  of  the  coils  of  the  intestines;  bat  an  approximate  location  in  the 
abdominal  cavity  can  be  ascertained  by  the  direction  of  the  passage 
traversed  by  a  specially  prepared  opaque  pill. 

An  important  case  coming  under  my  care  was  that  of  a  man,  13  years 
old,  suffering  with  symptoms  of  intestinal  obstruction.  An  X-ray  exami- 
nation was  conducted,  revealing  a  large-sized  enterolith.  The  seat  of 
obstrnetion  wasat  the  ileo  caeciil  valve.  An  operation  was  performed  and 
the  obstructing  mass  removed.  Three  years  prior  to  this,  the  patient  had 
been  a  sufferer  from  biliary  calculi,  but  refused  to  undergo  an  operation 
at  that  time.  It  is  very  likely  that  this  intestinal  calculus  was  primarily 
a  biliary  calculus  which  passed  into  the  intestines  and  there  remained 
for  a  period  of  three  years,  gradually  becoming  larger  and  larger.  The 
exterior  of  this  stone  was  uniformly  softened,  while  the  centre  was  ex- 
tremely dense. 

Following  a  biliary  colic,  it  is  always  advisable  to  ascertain,  by  an 
X-ray  examination,  if  ctdculi  have  been  passed  into  the  intestinal  tract. 

RecUil  Impei-f oration. — The  following  case  is  illustrative  of  this  con- 
dition. A  child  when  born  was  observed  to  have  an  imperforate  anus, 
with  an  altsence  of  rectal  tiact.  A  consulting  surgeon  suggested  an 
inguinal  colostomy.  The  child  lived  with  this  annoying  condition  for 
twelve  yeai-s.  It  was  then  decided  to  try  further  surgical  means.  I 
proceeded  to  examine  the  case,  as  follows  :  Into  the  rectum  through  the 
artificial  anus,  I  injected  an  emulsion  of  bismuth  subnitrate,  at  the  same 
L  time  passing  a  steel  sonnd  through  the  anus  to  the  point  of  obstruction 
I      at  the  lower  end  of  the  rectum.    A  skiagram  proved  the  obstruction  to 
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be  two  inches  in  length.  The  upper  part  of  the  rectum  was  anastomosed 
to  the  ileum,  after  first  removing  the  coccyx.  For  ten  subsequent  days 
the  fflBcal  material  passed  through  the  newly  constructed  channel.^ 

Abdominal  New  Growths. — The  recognition  of  neoplasms  located  in 
the  abdominal  cavity,  by  means  of  the  X-rays,  is  a  rather  difficult  task.  If 
the  tumor  is  dense,  it  may  cast  a  shadow  upon  the  screen  :  if  more  or  less 
soft,  no  shadow  will  be  cast.  These  pathological  masses  are  frequently 
recognized  by  their  effects  upon  adjacent  structures,  as  in  a  displacement 
of  the  diaphragm,  liver,  etc.  I  have  made  numerous  examinations  of 
suspected  carcinomata  of  the  stomach,  some  of  the  results  being  favor- 
able, though  the  vast  majority  proved  unsatisfactory.  It  must  not  be 
forgotten  that  in  carcinomata  of  the  pylorus  there  is  some  interference 
with  the  movement  of  the  diaphragm  on  that  side,  the  latter  not  de- 
scending to  so  low  a  point  as  in  the  normal. 

B.    LiVEB. 

The  correct  general  outline  of  the  liver  may  be  obtained  by  combin- 
ing a  fluoroscopical  and  physical  examination.  The  upper  or  convex 
border  of  this  organ  can  very  readily  be  ascertained  by  the  fluorescent 
screen,  while  the  lower  and  concave  border  is  best  outlined  by  palpation 
and  percussion.  Echinococcus  cysts,  when  located  in  the  immediate 
vicinity  of  the  upper  border,  may  be  easily  diagnosticated  by  this  means. 
When  examining  this  organ,  it  is  always  advisable  to  have  the  adjacent 
portion  of  the  stomach  and  intestines  filled  with  air  or  gas,  so  as  to  more 
readily  define  the  lower  border  of  the  liver.  A  skiagraphic  examina- 
tion, especially  in  adult  cases,  is  very  unsatisfactory.  In  young  children 
better  results  are  obtained. 

Biliary  Calculi, — The  results  of  a  skiagraphic  examination  in  this 
condition  depend  to  a  very  large  extent  upon  the  chemicjil  composition 
of  the  ctilculiis.  Upon  the  negative,  only  a  very  light  shadow  of  the 
stone  is  thrown  and  can,  by  a  very  careful  examination,  be  seen  only 
with  diflBculty,  even  though  it  is  of  rather  large  size.  Occasionally  large 
calculi  can  q\q\\  be  detected  in  the  heptic  duct.  Calculi  composed  of 
bilirubin  and  certain  other  substances  are  not  very  permeable  to  the  rays. 
Those  calculi  consisting  of  chole^sterin,  being  largely  composed  of  calcium 
salts,  show  more  distinctly  on  the  negative  than  do  the  othei^.  Early 
experiments  ui)on  gall-stones  have  been  reported  by  ^»'eisser,  Goodspeed, 
and  Cattell.' 

A  fluoroscopic  examination  for  biliary  calculi  is  thoroughly  unsiitis* 
factory,  and  until  a  skiagram  is  taken  no  absolute  diagnosis  should  be 
rendered.  The  method  I  employ  is  as  folh)ws  :  The  patient  rests  upon 
the  table  (upon  his   back)  with  the  head-end  raised  and  the  foot-eud 

*  F'or  full  report  of  this  case  see  Hemnieter,  "  Diseases  of  the  Intestines,"  vol.  ii. 
'Medical  News,  Feb.  15,  1896. 
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depressed,  the  whole  top  of  the  table  slanting  in  a  position  of  45°.  The 
abdomen  should  be  bared  of  clothing  and  lightly  bandaged,  in  order  to 
lessen  the  peristaltic  and  respiratory  movements.  The  patient  is  slightly 
turned  toward  the  right  side.  A  sensitive  plate  of  proper  dimensions  is 
firmly  fixed  by  a  clamp  and  bracket  to  a  stand  in  front  of  the  affected 
region.  A  tube  of  the  highest  penetrative  power  is  placed  under  the 
table,  with  the  target  pointing  in  the  direction  of  the  gall-bladder,  or  the 
patient  may  be  placed  in  the  ventral  position  with  the  tube  above.  The 
shoulders  should  be  elevated,  so  aa  to  bring  the  shadow  of  the  gall- 
bladder outside  of  the  shadow  of  the  lower  lobe  of  the  liver.  The  time 
of  exposure  varies,  depending  upon  the  thickness  of  the  part  to  be 
traversed  by  the  rays. 

The  presence  of  calculi  is  very  dif&cult  to  detect,  because  their 
chemical  composition  allows  the  passage  of  the  rays,  they  being  largely 
composed  of  the  hydrocarbon  cholesterin.  Moreover,  the  shadow  of  the 
calculus  is  very  liable  to  he  obscured  by  the  shadow  of  the  contents  of  the 
gall-blad(}er.  When  the  stone  finds  its  way  into  the  intestine  and  there 
becomes  coated  with  calcium  phosphate  and  carbonate,  the  shadow  cast 
will  be  more  definite,  as  the  latter  salts  offer  a  resistance  to  the  passage  of 
the  rays. 

Dr.  C.  Thurston  Holland  *  reports  the  following  case:  **A  woman, 
of  45,  had  two  attacks  of  severe  abdominal  pain,  one  accompanied  by 
slight  jaundice.  A  tumor  was  discovered  in  the  right  abdomen  and 
diagnosed  as  a  distended  gall-bladder. 

"  The  radiograph  was  taken  with  a  12-inch  coil  and  a  mercury  break. 
Current  employed  was  24  volts  and  10  amperes.  A  Cox  regulator  tube 
was  used  with  a  spark-gap  of  3  inches  (7.5  cm.)  and  through  a  pressure- 
tube  apparatus  designed  by  the  author.  An  exposure  of  two  minutes 
was  given.  The  stones,  each  three-quarters  inch  (2  cm.)  long,  were 
lying  end  to  end,  from  before  backward,  and  cast  annular  shadows  with 
the  patient  lying  with  the  abdomen  downward  on  the  plate.  A  second 
radiograph,  taken  with  the  woman  on  her  back,  also  showed  the  same  an- 
nular shadow,  but,  the  stones  being  further  from  the  plate,  the  shadow 
was  larger  and  not  so  well  defined.  A  surgical  operation  disclosed  two 
stones  of  the  usual  type  ;  one  weighed  100  grains  (6.4  grams),  the  other 
113  grains  (7  grams),  which  were  composed  of  concentric  laminsB  of  bile- 
pigment  and  cholesterin.  Calcium  was  present,  but  greater  in  quantity 
at  the  periphery,  where  the  stones  were  much  harder. 

*'The  success  attained  in  this  case  was  due  to  the  presence  of  lime- 
salts,  and  to  the  employment  of  a  pressure-tube  apparatus  which  fixed  the 
part  and  cut  off*  all  except  a  small  central  stream  of  X-rays,  and  most  of 
the  secondary  rays,  and  thus  prevented  fogging  of  the  plate  and  blurring 
of  the  shadows." 

» Archives  of  the  R(>ntgen  Ray,  Feb.  1906,  p.  241. 
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Dr.  Gflwl  Bedc  >  ^ide  97  ddigrqte  of  38  Boqiectod  CMM  of  clioMi^^ 
aw  i  in  19  of  thoae  taam  the  pmwiice  of  biliaiy  caleali  via  aseateiiied 
bgr  opctatioa.  In  ooly  two  of  these  19  emm  was  he  able  to  obiain 
Aadows  on  the  pfaitca.  Later,  had  good  skiagnipfaB  of  gall-stoiieB  ex- 
hibited at  a  meeting  of  the  Aeedemjof  Sew  York,  hdd  in  Jannaiy,  1901. 

For  cotting  off  the  aeemdary  nys  I  think  the  eompreoBion  dia- 
pbngm  is  at  times  naefal.  I  have  had  emtm  where  the  plates  showed 
dmdowB  of  the  distended  gall-bhidder.  bat  not  of  the  eaknliy  because 
fluid  <rffers  great  resistance  to  the  pasnge  of  the  lays.  In  most  instances 
tiie  siiadow  will  be  too  low  when  the  calculi  have  passed  into  the  intestine. 

Beeentlf,  at  the  Philadelphia  Hoq[>iUd,  I  was  asked  to  take  a  dda- 
grsph  of  a  veiy  emaciated  patient.  I  foand  the  shadows  of  two  renal 
calenli  in  the  left  kidney,  and  a  roond,  small  stone  under  the  twelfth  lib^ 
on  the  rig^t  side,  and  a  laige  one  in  the  jielvis  of  the  right  kidney.  The 
latter  was  sobnequently  removed,  but  the  former  d^ed  soigical  detection ; 
although  I  am  sure  the  round  shadow  was  that  of  a  biliary  calculus. 

I  do  not  think  the  fluoroecope  is  as  reliable  in  these  cases  as  is  the 
dcisgraph,  provided  that  in  the  latter  the  time  of  exposure  is  correct 
and  the  sulyjeet  is  a  snitaUe  one.  I  never  have  had  a  case  of  this  kind 
where  the  diagnosis  was  scdely  made  by  the  aid  of  X-rays  and  eonfirmed 
by  operation. 

F.  Pa  KOBE  Aa 

On  accouut  of  its  i>eculiar  anatomical  situation,  this  organ  cannot  be 
^AHily  rec;^>|^iiized  by  an  X-ray  examination.  In  one  instance  I  was  able 
to  obtain  a  shadow  of  this  organ  on  a  skiagram.  The  patient  was  unusa- 
ally  emaf;iate<l,  and  from  the  clinical  signs  and  symptoms,  a  diagnosis  of 
carcinoma  of  the  jiancreas  had  been  made.  The  patient  was  prepared  as 
usual,  and  subjected  first  to  a  fluoroscopic  and  then  to  a  skiagraphic 
examination  ;  a  very  faint  shadow  was  discoverable,  sn|)erimposed  upon 
the  one  i>roduced  by  the  stomach.  Since  then,  I  have  at  frequent  inter- 
vals tri(5<l  to  make  similar  examinations  ou  different  subjects,  but  have 
never  succe<Kled  in  rejieating  or  reproducing  what  then  was  considered  a 
rather  satisfiictor}'  image  of  this  organ.  In  this  instance  I  distended  the 
stomach  with  air  in  order  to  allow  as  clear  a  field  for  this  organ  as  possi- 
ble. I  am  of  the  oi>inion  that  this  fairly  good  result  was  due  to  a  peculiar 
abnormal  i)rinciplc  which  is  opaque  to  the  i*ays,  and  whose  nature  thus 
far  h}is  not  l)een  <letermined. 

G.  Hplekn. 

This  organ  is  easily  shown  in  children  by  means  of  the  fluorescent 
H('nH*n.  In  adults  the  skiagraph  only  is  satisfactory.  The  patient  is  best 
examined  in  the  recumbent  position,  being  slightly  turned  toward  the  left 

'  New  York  Mwlical  Journal,  January  20,  1900. 
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side.  The  sensitive  plate  is  placed  in  front  of  the  patient  in  the  region  of 
this  organ,  with  the  tube  below  or  behind.  In  those  who  are  corpulent, 
it  is  best  to  place  the  patient  in  the  prone  position  with  the  plate  beneath 
and  the  tube  above. 

Just  prior  to  the  examination,  the  large  intestine  should  be  distended 
with  air.  This  procedure  will  serve  to  displace  all  of  the  adjacent  organs, 
and  at  the  same  time  permit  the  production  of  contrast  1)etween  the 
lower  edge  of  the  spleen  and  the  neighboring  light  area  produced  by 
these  distended  organs.  The  upper  border  is  in  relation  with  the 
diaphragm,  and,  in  order  to  avoid  the  blumng  of  the  image,  the 
rays  should  be  permitted  to  emanate  from  the  tube  only  during  inter- 
vals when  the  patient  has  ceased  breathing.  The  screen  examination 
of  the  spleen  in  a  child  demonstrates  the  fact  that  the  anterior  border 
moves  slightly  more  than  the  posterior,  as  though  this  organ  were  turning 
on  its  long  axis. 

II.  Genito-Urinary  System. 

The  great  strides  made  in  surgery  and  surgical  bacteriology  within 
the  past  twenty  years  have  effected  a  complete  change  in  the  conceptions, 
the  prognoses,  and  the  treatment  of  many  surgical  affections.  Neverthe- 
less, prior  to  Eontgen's  discovery  positive  diagnoses  of  many  diseased 
conditions  were  manifestly  impossible.  The  truth  of  this  statement  gains 
added  support  in  the  genito- urinary  field.  Many  of  the  pathological 
states  of  the  kidney  could  be  ascertained  only  by  cutting  down  upon 
that  organ,  especially  in  suspected  cases  of  calculi,  displaced  kidney, 
hydronephrosis,  pyonephrosis,  etc.,  frequently  forcing  upon  the  surgeon 
the  serious  embarrassment  of  operating  upon  some  distant  organ,  wherein 
pain  was  experienced  by  the  patient,  the  result  of  reflex  irritation.  In 
the  same  manner  invaluable  assistance  has  been  lent  by  this  new  aid  in 
the  diagnoses,  in  many  of  the  more  obscure  diseases  and  affections  of 
the  ureters,  the  bladder,  and  the  prostate  gland. 

The  shadows  of  the  kidneys  are  most  dif&cult  to  show  on  the  negative. 
The  upper  portion  of  the  right  kidney  presents  an  added  obstacle  in  the 
superimposed  shadow  cast  by  the  liver.  The  affection  of  the  kidney 
most  frequently  brought  to  the  attention  of  the  skiagrapher  is  that  of 
suspected  calculus. 

A.  Okdinaby  Methods. 

It  is  common  experience  that  a  case  of  renal  calculus  will  be  evi- 
denced by  a  few  of  the  classical  signs  and  symptoms  which  not  infre- 
quently confuse  the  mind  of  the  diagnostician.  Thus,  Henry  Morris, 
the  eminent  English  surgeon,  found  renal  calculi  in  two-thirds  of  his 
suspected  cases.     Brewer*  mentions  two  instances  where  distinguished 

^Annals  of  Surgery,  May,  1901. 
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Boigeoim  diagnosed  stone  in  the  kidney  as  cases  of  appendidtia 
Bevan  and  Franks  made  the  same  error,  the  former  sospected  a  case  of 
appendicitis,  and  the  latter  ovarian  disease.  Jacobson'  mentioDB  al 
length  the  differential  diagnosis  between  incipient  spinal  caries  and 
renal  calcnli. 

Prior  to  the  discovery  of  the  X-rays,  the  most  advanced  stndies  in 
kidney  affections  were  due  to  ureteral  catheterization,  introdnced  by 
Howard  A.  Kelly,  of  Baltimore,  and  to  Harris's  invention  of  the  aegre- 
gator,  for  drawing  off  separate  urines  from  each  kidney.  The  chief  clini- 
cal aids  may  be  stated  as  follows : 

General  symptoms,  chemical,  macroscopic,  and  microscopic  exaniina- 
tions  of  the  urine  with  the  addition  of  the  centrifuge,  percussion  over  the 
affected  side,  the  ureteral  catheter  and  sound,  inspection  of  the  bladder 
and  nreteral  orifices,  and  the  segregator.  With  the  possible  exception  of 
the  actual  finding  of  a  stone  in  the  urine,  we  are  not  absolutely  convinced 
whether  we  are  to  deal  with  a  nephritic  calculus,  if  there  is  one  or  many, 
if  it  is  in  the  ureter,  or  if  one  calculus  is  in  the  ureter  and  another  in 
the  kidney.  If  upon  exploration  only  one  stone  is  found,  it  is  not 
conclusive  evidence  that  others  are  not  present,  either  in  the  meter  or 
some  other  part  of  the  kidney. 

B.  Peketbabilitt  of  Calculi. 

The  most  useftd  and  accurate  method  thus  far  advanced  for  the 

detection  of  renal  calculi  is  by  means  of  the  X-rays.  Ghapius  and 
Chauvel,*  in  Paris,  were  the  fii'st  investigators  to  study  renai  calculi 
by  the  aid  of  the  X-rays.  They  mention  that  calculi,  whose  chemical 
structure  is  uric  acid,  urates,  or  phosphates,  east  shadows  slightly  less 
opaque  to  the  rays  than  do  compact  bones.  As  the  kidney  substance 
is  not  so  easily  penetrated  by  the  rays  as  muscular  tissue,  it  would 
be  natural  to  infer  that  the  negative  would  show  a  lighter  shadow  than 
the  adjacent  tissue  which  is  more  penetrable  by  the  rays.  Dr.  Mac- 
intyre,'  of  Glasgow,  also  made  early  and  successful  investigations  on 
renal  calculi. 

Dr.  James  Swain,*  of  Bristol,  was  the  first  to  detect  the  different 
degrees  of  penetrability  of  different  calculi.  His  method  of  investi- 
gation was  as  follows :  On  a  sensitive  plate  he  placed  different  calcnli 
of  the  same  dimensions,  exposing  them  for  periods  of  one,  two,  four, 
eight,  and  sixteen  minutes.  He  early  observed  that  ^'the  more  dense 
the  object  the  deeper  was  the  resulting  shadow,"  and  that  the  law  first 
laid  down  by  Eontgen  was  not  true  of  different  calculi.     If  tabulated 

*  British  Medical  Journal,  January,  1900. 

*  Academie  de  Medecine,  21,  iv.,  1896. 

*  Lancet,  July  11,1896. 

*  Bristol  Medico-Chirurgical  Journal,  March,  1S97. 
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in  the  order  of  their  highest  specific  gravity,  their  greatest  permeability 
to  the  rays,  and  their  greatest  density  of  shadow,  the  results  attained  are 
as  follows : 

Specific  Gravity.  Permeability  to  the  Rays.  Density  of  Shadow. 

1.  Oxalate  of  calcium.  1.  Biliary.  1.  Oxalate  of  calcium. 

2.  Uric  acid.  2.  Uric  acid.  2.  Phosphatic. 

3.  Phosphatic.  3.  Phosphatic.  3.  Uric  acid. 

4.  Biliary.  4.  Calcium  Oxalate.  4.  Biliary. 

Dr.  Swain  exposed  one  calculus  of  each  type  with  a  section  of  rib 
and  a  piece  of  kidney.  An  increased  time  of  exposure  produced  a 
fainter  shadow,  so  that  at  the  end  of  the  ^^  sixteenth  minute,"  the  calcium 
oxalate  and  phosphatic  calculi,  with  a  faint  trace  of  rib,  showed  on  the 
negative.  The  conclusions  reached  from  these  experiments  are  that  the 
shorter  exposures  are  better  than  long  exposures,  also  that  calcium 
oxalate  and  the  phosphatic  calculi  show  most  plainly. 

If  the  exposures  are  too  prolonged,  the  less  dense  calculi  will  pro- 
duce no  shadow.  Likewise  a  calculus  of  uric  acid  gives  a  fainter  shadow 
than  the  rib,  and  in  an  eight  minute  exposure  much  less  of  a  shadow  than 
that  of  a  rib  covered  partially  with  kidney.  Thus  we  conclude  that  a 
calculus  of  uric  acid  is  dif&cult  of  detection. 

The  most  accurate  method  is  that  advanced  by  Bontgen.  The  many 
errors  made  in  the  diagnosis  or  elimination  of  renal  calculi  were  all  due 
to  a  faulty  technic,  to  an  incorrect  development  of  the  plate,  or  to  an 
erroneous  interpretation  of  the  negative.  It  is  imperative  to  produce  a 
skiagram  that  has  detailed  shadows  of  tissues  less  opaque  than  the  least 
opaque  calculus. 

By  means  of  the  X-rays  we  are  enabled  to  diagnose  hypertrophy, 
atrophy,  displacement,. tumors,  hydronephrosis,  pyonephrosis,  and  i)eri- 
nephritic  abscess.  Hypertrophy  is  a  condition  which  is  always  unilateral, 
and,  by  comparison  with  the  kidney  of  the  opposite  side,  is  readily  diag- 
nosticated. The  above  mentioned  conditions,  however,  can  only  be 
demonstrated  in  those  subjects  not  too  corpulent,  when  the  exposure  has 
been  sufficiently  long,  and  when  the  exposed  negative  has  been  properly 
produced  by  the  developing  process.  The  margin  of  the  hypertrophied 
kidney  is  clear  and  sharp.  If  this  sharp  margin  is  irregular  in  any  of 
its  part,  the  examiner  has  found  a  neoplasm  springing  from  the  cortical 
area.  Atrophy  of  the  kidney  is  more  difficult  of  diagnosis.  The  most 
usual  cause  is  the  existence  of  a  calculus. 

Displacement  of  the  kidney  is  a  common  affection,  its  occurrence 
being  indicated  by  a  knowledge  of  its  normal  relations  and  by  a  com- 
parison with  the  shadow  produced  by  the  abnormal  position.  Perine- 
phritic  abscess  can  also  be  diagnosticated  by  the  rays.  The  conditions 
favorable  for  best  results  are  found  in  patients  of  slight  build,  and  when 
the  intestinal  canal  has  been  thoroughly  evacuated. 
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In  hydroneEdirosis  and  pyonephrosis  a  shadoir  ahoving  involvemenl 
of  the  pelvis  of  the  kidn^  may  be  obaerved.  This  onulitiou  is  mon- 
readily  diagaostioated  flx>m  a  good  negative  Uiaa  is  a  perinepbrilic 


Oases  of  gonorrhcea,  with  pns  in  tite  region  of  the  kidney,  bvn  hum 
diagnosed  with  the  X-rays ;  the  Hkiagram  shoving  an  irtegolar  n 
the  oODvex  border  of  the  sliadow'  prodaoed  by  the  Udnqy,  die  ■ 
of  vhioh  is  denser  than  that  obtained  from  the  nomul  kidney  Itanlf 

C  Tbohnio  of  Rasjo.  Skuoraj ht. 

When  renal  calcnli  cannot  be  diagnostioUed  t^  akiagnqd^,  tts 
ebief  causes  will  be  foond  to  be  onder-  or  over-exposure  and  liBpiopar 
development  of  the  exposed  plate,  or  beoanse  the  tabe  lacks  the  aaesMHy 
high  penetrative  power. 

Prepandion  of  Parent. — In  taking  a  sUagram  see  that  the  patteot  li 
briskly  porged,  and  that  be  abetaina  from  all  fiaod  for  at  least  24  boon 
prior  to  the  time  of  expoeore ;  in  the  interval,  give  him  a  Ugfa  totm^ 
The  bladder  should  be  emptied  just  before  the  tame  of  taUng  fhs 
picture ;  if  this  be  impossible  he  should  be  catheterised.  The  pattoat  ii 
placed  In  the  reoombent  posture,  and  the  knees  flexed,  so  that  the  normsl 
lumbar  cnrve  will  come  in  closer  contact  with  the  plate.  Two  plate  of 
sofBcieut  size  to  include  both  kidneys  should  be  placed  on  tap  of  (Vi 
another,  and  protected  by  a  celluloid  cover,  in  order  to  prevent  injiny 
from  excretions.  The  upper  edge  of  the  plate  Bhould  correspond  to  the 
position  of  the  tenth  rib,  and  the  lower  edge  to  the  sapeiior  part  of  the 
Bacrnm.  This  will  ioclude  part  of  the  ureters  at  the  lower  end  of  the 
plate.  The  tnbe  should  be  of  the  highest  penetrative  power,  so  as  to 
lessen  the  time  of  exposure.  When  both  kidneys  are  to  be  skiagrsphed 
the  tube  should  be  placed  in  the  median  line  above  the  patient,  and  st 
a  level  corresponding  to  the  position  of  the  pelvis  of  the  kidney. 

If  only  one  kidney  is  to  be  ekiagraphed,  use  a  smaller  plate,  plnciiig 
the  tnbe  in  front  of  the  patient,  with  the  target  pointing  to  the  centre  of 
the  kidney.  An  respiratory  movements  interfere  with  the  production  of 
an  accurate  skiagram,  the  whole  abdomen  should  be  bandaged  as  tightly 
as  possible.  Some  examiners  prefer  the  patient  holding  his  bieatli 
during  exposure,  but  I  have  encountered  some  difficulties  in  attempting 
to  carry  out  this  method.  For  skiagraphing  the  renal  organB,I  alwaji 
use  the  Wehnelt  interrupter, 

C.  C.  Slaberia  and  A.  P.  Slaberia,'  of  Barcelona,  reoommend  the  n* 
of  a  moderately  hard  tube  (except  in  cases  of  very  stout  patients,  whes 
a  hard  tube  should  be  employed)  and  a  long  exposure,  varying  from  th«e 
to  six  minntes  in  children,  as  much  as  thirty  minutes  in  adults,  and  up 
to  sixty-five  minntes  in  very  stout   persons.     They  do  not  employ  an 

'  Fortechritte  a.  d.  Geb.  der  Ritntgenstralilen,  Band  v.,  Hefte  2,  3. 
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electrolytic  break,  nor  have  they  seen  any  erythema  or  other  injurious 
effects,  although  in  one  instance  the  patient  was  skiagraphed  seven  times. 
Except  in  the  case  of  a  displaced  or  very  movable  kidney,  they  advise 
the  dorsal  position  of  the  patient.  Despite  some  advantages,  they  con- 
sider the  ventral  position  inadvisable  because  of  the  increased  distance 
of  the  kidney  from  the  plate.  Dr.  Charles  L.  Leonard,  of  this  city,  was 
the  first  to  advocate  a  low- vacuum  tube,  with  a  spark-gap  of  1 J  to  2  inches, 
(4-5  cm.)  which  is  self  regulating,  and  which  will  give  a  large  volume  of 
low- vacuum  Eontgen  discharge.  He  formulates  this  axiom,  'Hhatina 
negative  possessing  a  dififerentiation  in  the  shadow  of  tissues  less  dense 
than  the  least  dense  calculus,  no  calculus  can  escape  detection."  Per- 
sonally I  agree  with  Shenton  and  thos0*other  skiagraphers  who  advocate 
the  high- vacuum  tube  with  a  short  exposure.  The  latter  is  advantageous 
in  taking  negatives  of  suspected  calculi,  for  these  can  be  applied  while 
the  patient  ^^  holds  his  breath,"  thus  avoiding  diaphragmatic  movements. 
I  always  make  several  short  exposures  when  skiagraphing  this  region.  I 
believe  there  is  less  likelihood  of  penetrating  the  calculus  with  the  high 
tube  and  short  exposure,  than  with  a  softer  tube  and  a  longer  exposure. 
I  cannot  advise  the  use  of  the  intensifying  screen,  because  of  the  gran- 
ularity presented  on  the  negative  ;  neither  do  I  recommend  the  compres- 
sion diaphragm,  as  we  do  not  know  where  to  apply  the  latter,  as  it  covers 
only  a  small  area  at  a  time,  and  thus  prevents  comparison  between  the 
abnormal  and  the  corresponding  normal  part.  Dr.  Joseph  F.  Smith,  in 
his  paper  ^'The  Bontgen  Ray  Diagnosis  of  Eenal  Calculus,'''  remarks : 

**In  1899,  Abbe  collected  from  literature  and  tabulated  twenty-five 
cases  in  which  a  positive  diagnosis  had  been  made  by  the  X-ray  and  later 
confirmed  by  operation.  To  this  list  of  twenty-five  he  added  two  cases 
of  his  own,  making  twenty-seven  cases  reported  up  to  that  time.  These 
twenty-seven  cases  are  arranged  by  years  as  follows:  1896.  Macintyre, 
of  Glasgow,  reported  the  first  skiagraph  of  a  stone  taken  in  the  body. 
Swain,  of  Bristol,  reported  a  case.  1897.  Gurl,  Nuremberg ;  Fenwick, 
England ;  Thyne,  Australia.  1898.  Bevan,  Chicago  ;  McArthur,  Chicago ; 
Lauenstein,  Germany ;  Alsburg,  Germany ;  Martin,  England ;  Taylor, 
England ;  Fenwick,  England ;  Leonard,  Philadelphia,  eight  cases ; 
McBurney,  New  York;  Abbe,  New  York,  two  cases.  1899.  Wagner, 
Germany,  two  cases.'' 

Speaking  upon  the  probable  errors  likely  to  arise  in  cases  of  ne- 
phritic calculi,  Dr.  Chas.  L.  Leonard,  one  of  the  greatest  authorities  on  this 
subject  in  America,  says:*  '^  The  absolute  negative  and  positive  diagnosis 
of  calculous  nephritis  and  ureteritis  can  be  made  with  an  error  of  less 
than  3  per  cent.  A  statistical  study  of  the  320  cases  examined  shows 
that  calculi  have  been  found  in  93  cases,  or  a  little  less  than  a  third 
of  the  cases  examined.     In  many  of  the  cases,  in  which  a  negative  or 

^Annals  of  Surgery,  May,  1904.  'American  Medicine,  June  4, 1904. 
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MBllHrfia  Aa^MiawM  mndend.  the  patimta  had  sodi  alight  ^mptoms 
••to  Wtaitr  tta  pKnvnrv  of  cakuli  posiblr.  l>at  out  probable.  In  47 
I  ilrmaoilFd  upoottw  inlerreDtioD.  and  ta  all  but  uii« 
f  mTs  mtgaXive  •tiapiirir  ne  praved  by  tbe  opeiadoo,  sod  do 
1  DBUif  of  tfae  eMB  of  D«gattTe  diagaosta  in  vhicb 
An*  «M  BO  opentiun.  tbe  mtMeqoest  devdoptnent  of  olfaer  rooditioBs 
dmradftat  tka  dngn'^iui  bad  bi>«D  mnTvel.  In  three  cases  of  negative 
iW^Tinrii,  «in  adcnli,  Oat  had  cached  dftatitkia,  ««t«  aabaaqpaa^r 
pMiBl  Tha^  there  hM  been  a  total  enor  itf  faofc  Cmt  caas  ia  tta 
■HpHra  diagnnai^  <»e  dne  to  dideetin  totAnk^  aad  tihe  oOwn  It 
taarfiiiate  readfi^  of  tbe  plataa." 

Beraa'polrtMieds  pterin  tlie  .^mA  f^  Apyarj^  nportbic  IS  «r 
Ucaan^and  daiawd  flwk  tlw X-iay  m a ^Mna  of  di«Knoals  viatoto 
'  nUed  on  to  a  greater  extoit  in  caaea  <rf' kidiMT  Hfawe  tliao  aaj  oUiar  BMaH 
•toordiqMaaL  He  thinlB  tlie  beiA  ezpoeitHm  of  thia  eotira  vwfc  la  t» 
be  fiioiid  in  "  Beitti^  (Or  Cliinirgie,"  frmn  tlie  pena  ot  Kuaawl  ani 
Bnnpri.  Kommd  takea  the  poaition  of  Xjeonard  and  Beran,  and  pia- 
•eota  praetteally  tJieae  eondnaitHiB,  flat  tJw  X-n^,  propitif  aaed,  win 
dsteet  a  ttone  in  aB7  individnal,  no  matter  hov  thick,  or  <tf  wbat  dwadal 
eoBpoattlon ;  that  the  detection  oi  the  rtone  does  not  depend  ao  nmeh  ca 
itadiemical  eompoeition  cht the  thickneeBof  theindiridnal,  aaitdoaioB 
flie  proper  on  of  the  X-nya. 

Enmmel  and  Bnmpel '  report  a  seriea  of  eighteen  cases  diagnosed 
positively  by  the  X-rays,  all  of  which  were  Babeeqoently  operated 
npon,  and  stoue  extracted.  Tbe  cooclosions  drawn  from  their  work  an 
an  follows : 

'"Tbe  exact  diagnosis  of  kidney  stone  is  to  be  made  only  by  means 
of  tbe  Ituntgen  procedore. 

"The  presence  of  a  kidney  stone,  whether  located  in  the  kidney 
Hnbtttonce,  the  calices,  or  in  the  ureter,  will  be  demonstrated  upon  the 
plate  in  every  ease,  by  proper  application  of  the  Bontgen  method. 

"The  negative  result  of  the  Bontgen  method  after  repeated  attempts 
allows  of  the  exclusion  of  a  calculus. 

"The  demonstration  of  a  stone  shadow  upon  the  Bont^n  plate  is 
not  dependent  npon  tbe  size  and  chemical  composition  of  the  calcnlna, 
but  singly  and  alone  upon  tbe  tecbnic  of  the  Ruutgeu  operator. 

"A  high  degree  of  corpulence  in  the  patient  may  render  Uie  demon- 
Miration  of  a  calculus  by  the  Bontgen  method  very  difficult,  bnt  in  general 
does  not  render  it  impossible. 

"In  every  case  of  nephrolithiasis  it  is  advisable  to  employ  the 
f\nictioiiaI  methods  of  investigation,  since  they  show  ns  by  combined 
appliciit  ion  (n )  whether  a  disturbance  of  tbe  whole  kidney  function  exists 

'.Iduninl  I'!  Uip  American  Medical  Aseociation,  March,  1906,  p.  1062. 
'  iWilniip-  fur  kiln.  Chirun;.,  KKV],  Band  xxsvii.,  Heft  2. 
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or  not,  (b)  whether  we  have  to  deal  with  a  double-sided  stone  formation 
or  other  coexisting  kidney  disorder,  or  whether  in  the  already  existing 
disorder  only  one  kidney  is  involved. 

'^The  result  of  the  n^ative  Kontgen  investigation  should  be  consid- 
ered in  connection  with  the  condition  of  the  clearness,  concentration,  and 
freezing-point  of  the  urine  obtained  by  means  of  the  ureteral  catheter." 

In  the  eighteen  cases  tabulated  by  Rumpel,  two  of  the  stones  removed 
contained  only  triple  phosphates.  All  the  others  consisted  of  mixtures 
in  different  proportions  of  calcium  carbonate,  calcium  phosphate,  calcium 
oxalate,  and  uric  acid  or  urates.  Five  of  the  stones  consisted  largely  of 
calcium  oxalate,  fourteen  of  calcium  phosphate,  and  two  of  uric  acid. 
Of  the  two  stones  consisting  largely  of  uric  acid,  the  composition  of  the 
first  was  a  mixture  of  uric  acid  with  calcium  phosphate,  and  the  second, 
a  mixture  of  uric  acid  with  calcium  oxalate  and  phosphate. 

Errors  in  skiagraphing  calculi  may  be  due  to  several  causes, — ^great 
density  of  the  parts,  as  in  very  stout  persons,  transparency  of  certain 
calculi,  as  of  the  uric  acid  type,  diminutive  size  of  the  stone,  faulty 
exposure,  faulty  development  of  plate,  or  any  defect  in  the  apparatus. 

I  am  in  accord  with  the  view  expressed  by  Dr.  Charles  L.  Leonard, 
that  a  positive  or  negative  diagnosis  of  a  urinary  calculus  should  be 
based  upon  the  findings  on  the  negative,  as  the  calculus  should  always  be 
detected,  if  the  negative  shows  a  shadow  of  the  least  dense  tissues.  On 
a  good  n^ative,  the  shadows  of  the  following  structures  should  be 
visible :  Shadows  of  the  lumbar  muscles,  the  transverse  processes  of 
the  vertebrae,  and  the  twelve  ribs. 

D.  Ureteral  Calculi. 

These  are  difiicult  to  skiagraph,  as  the  shadows  of  the  pelvic  bones 
superimpose  upon  the  shadow  of  the  calculi  in  the  lower  portion  of  the 
ureter. 

Of  the  93  cases  in  which  calculi  were  found,  Leonard  states  that 
there  were  four  in  which  calculi  were  present  in  the  kidney  and  ureter 
of  the  same  patient.  Including  these  cases,  33  renal  calculi  were  found 
and  64  ureteral. 

Tenny  *  has  been  able  to  add  33  cases  of  ureteral  calculus  since  the 
publication  of  the  101  cases  collected  by  Schenck.'  The  location  of  these 
stones  has  been  in  a  general  way  in  one  of  three  places,  depending  on  the 
physiological  narrowing  of  the  ureter.  The  first  point  of  narrowing  is 
about  7  centimetres  down,  and  has  a  diameter  of  3.2  millimetres.  The 
second  is  just  above  or  below  the  brim  of  the  pelvis,  and  has  a  diameter 
of  4  millimetres,  and  the  third  is  at  a  point  just  above  the  bladder,  and 
has  a  diameter  of  2.5  millimetres.     The  number  of  stones  in  the  series  of 

*  Boston  Medical  and  Surgical  Journal,  Feb.  4,  1904. 

*  Johns  Hopkins  Hospital  Reports,  vol.  10. 
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34  cases  caught  in  the  alx>ve  locations  corresponds  very  nicely  in  ito 
diameters,  35  being  canght  in  the  fii-st  isthmns,  IS  in  the  second,  and  73 
in  the  third.     In  the  reuiainiug  cases,  the  locations  were  not  given, 

On  the  left  side  of  the  ureter,  but  soiuetimes  on  the  right,  is  occa- 
sionally noted  a  sharp,  round,  white  shadow  correspoudiug  to  the  lower 


end  of  the  ureter.  Tliis  i.s  caused  by  the  presence  of  a  phlebolith,  which 
mnst  not  be  mistaken  for  a  ealcuhis.  Dr.  Knssell  H.  Boggs.  of  Pitts- 
burg, niaiutains  that  this  shadow  is  due  to  a  sesamoid  bone. 

E.  W.  H.  Shenton,'  of  London,  believes  that  the  fliioroscope  is  not 
sufficiently  naed  in  examinations  for  renal  calculi.  He  advises  placing 
the  patient  in  a  horizontal  position,  face  downward,  with  the  arms  above 
the  head.  Efforts  should  be  nia'le  to  make  the  lumbar  spine  straight, 
even  to  the  extent  of  placing  a  pillow  beneath  the  abdomen.  The  tube 
should  be  placed  beneath  the  patient  6  inches  (15  cm. )  from  the  at>domen, 
the  actual  distance  varyinj^  according  to  the  conditions  of  the  tul»e  and 
the  size  of  the  patient.     The  screen  is  placed  upon  the  patient's  l»ack. 

A  new  apparatus  for  skiagraphing  the  renal  region,  devised  by  Mr. 

lArt'liivea  of  the  Rr.ntgpii  Ray,  March,  li»2. 
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A,  D.  Eeid,  of  London  (Figs.  190  and  191),  and  mannfactnred  by  Harry 
W.  Cox,  Ltd.,  of  London,  dispenses  with  the  nse  of  compressors  and  is 
described  as  follows :  The  patient  is  laid  npon  the  coach  and  an  air  cushion 
is  placed  under  the  part  to  be  radiographed.  The  plate  is  then  placed  on 
the  patient's  back  and  the  lead  base  with  the  upright  arm  is  attached  to  it. 
Wlicn  the  patient  breathes  the 
lead  base  is  raised,  the  arm 
moves  the  lever  up  and  causes  it 
to  make  contact. 

This  contact  is  merely  a 
switch  introduced  into  the  pri- 
mary circuit  of  the  coil,  and 
consequently  when  it  is  closed 
tlie  current  is  enabled  to  pass, 
and  the  tube  fluoresces,  simul- 
taneously the  clock  shown  in 
the  ill  aerations  records  the 
length  of  the  exposure. 

It  is,  therefore,  obvioos  that 
the  kidney — or  any  other  part 
of  the  body — mnst  always  be  in 
the  same  position  whenever  the 
tube  fluoresces. 

Dr.  Albers-Schonberg  be- 
lieves that  the  tecbnic  in  renal 
skiagraphy  has  not  been  suffi- 
ciently studied.  Hard  tubes,  he 
argues,  should  not  be  used.  The 
shadows  thrown  by  the  last  ribs 
and  the  trausverae  process  of  the 
first  lumbar  lertebrse  are  to  be 
taken  as  guides.     If  nothing  is 

seen  at  the  first  attempt,  it  shonld  not  be  concluded  that  the  result  is 
negative.  The  plate  should  be  intensified,  and  allowed  to  dry.  This 
brings  out  many  shadow  details,  previously  invisible.  To  obtain  the  best 
effects  the  plate  should  be  examined  at  a  distance  of  5  or  6  ft.  If  any 
specks  are  seen,  which  may  possibly  be  due  to  calcnli,  another  exposure 
shonld  be  made  within  three  or  four  days.  In  any  case  of  doubt  a  sepa- 
rate exposure  should  be  made.  A  lead  pipe  with  an  opening  of  13  cm.  in 
diameter  is  placed  close  to  the  tube,  and  50  cm.  from  the  plate,  so  as 
to  cnt  off  the  secondary  rays  and  obtain  a  well-defined  shadou'.  (Figs. 
192  and  193.)  My  time  of  exposure  in  reniil  skiagraphy  depeuds  upon 
the  corpulence  of  the  patient,  and  the  degree  of  high  penetrative  power 
of  the  tube.  The  distance  of  the  target  from  the  plate  is  from  22  to  30 
inches  (55  to  75  cm.). 
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The  method  of  examination  of  the  kidney  by  the  X-raya,  Then  the 
orgaD  is  oatside  of  the  body  daring  operation,  has  been  fally  deacribed 
by  the  discoverer,  Mr.  Fenwick.'  It  consists  in  examining  the  kidney 
with  the  fluorescent  screen  after  the  oi^n  has  been  removed  as  far  as 
possible  from  the  abdominal  cavity.  Id  some  cases,  be  says,  the  kidney 
cannot  be  displaced  out  £ir  enough  to  permit  of  a  screen  examination, 
due  to  insufficient  length  of  the  renal  vessels.  An  objection  to  this 
method  of  examination  is  that  the  surgeon  must  necessarily  remain 
in  darkness  for  at  least  ten  or  fifteen  minutes  before  he  will  be  able  to 
successfully  perform  a  screen  examination. 

F.  Voelcker  and  A.  Lichtenberg'  describe  a  process  of  pyelography. 
The  ureter  is  catbeterized,  and  the  instrument  is  advance<l  to  the  renal 
pelvis.  A  5  per  cent,  solution  of  a  silver  salt  is  then  slowly  injected 
through  the  catheter. 

There  are  individual  variations  in  the  amount  of  fluid  which  the 
pelvis  will  tolerate :  in  one  instance  See.  gave  rise  to  colicky  pains,  in 


liaphra 


others  .'»0  ti)  (JO  c.  i:  could  Ik  intnuhiced.  The  shadow  cast  by  the  r.iys 
will  reveal  any  abnormalily,  siioh  as  a  kinking.  l>eudiiig.  constriction,  nr 
dilatation  of  the  ureter. 

Tlio  iiutlioi-s  <'m])loyfd  the  iinK-edurp  in  eleven  rases,  ten  Iteiii;.' 
women  and  one  a  man.  In  four  i»f  their  c;ises,  their  efforts  wen-  nii.siic- 
cessful.  TLe  ((jieratidn  is  not  very  painful,  but  is  more  esisily  done  :i11t 
an  injection  of  nmrphia. 

I  present  the  following  as  a  few  of  my  cases,  showing  the  value 
of  skiagraphy  iu  determining  the  pi'esenee  of  nephritic  calculi : 

In  the  Medien-Chirurgical  Hospital  in  1901,  I  examined  a  i-.vae  f'>r 
Drs.    Hodman    and    West,    but    found    only   an   enlarged    kidney.     The 
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operation  confirmed  tbe  diagnosis.  lu  1900,  at  tbe  same  hospital,  I  skia- 
graphed  a  case  for  Dr.  Elwood  B.  Kirby,  and,  instead  of  a  calcalns,  I 
found  a  collection  of  pna ;  this  was  snbsequently  confirmed  at  operation. 


For  eereral  years  I  made  an  aaooal  examination  of  a  patient,  nnder 
the  care  of  Dr.  Ernest  Laplace.  The  negative  showed  a  calcalns  in  the 
pelvis  of  the  kidney,  which  waa  snbseqnently  removed,     (Fig,  194.) 

In  a  case  nnder  tbe  care  of  Dr.  Alfred  Stengel,  I  fonnd  a  calculus  in 
the  pelvis  of  the  kidney,  that  for  three  years  occasioned  au  unceasing 
dull  pain.  Dr.  Charles  H.  Frazier  removed  the  stone  at  the  University 
Hospital. 

At  the  Philadelphia  Hospital  in  1903,  I  akiagraphed  a  renal  calculus 
for  Dr.  J.  B.  Carnet,  which  was  successfully  removed. 

In  1904,.  at  the  same  hospital,  Dr.  Ernest  Laplace  operated  for  a  sup- 
posed case  of  appendicitis.  After  tbe  operation  tbe  pain  continued,  and 
three  weeks  later  a  skiagram  revealed  a  calcnlns  in  the  kidney.  This  was 
removed,  and  the  patient  at  once  recovered. 

R  The  Bladdeb. 

Examinaiion  for  Calculi. —  The  preparation  required  is  the  same  as 
for  a  renal  examination,  and  in  addition  the  bladder  and  rectum  should 
be  emptied  just  prior  to  the  exposure.  The  patient  should  be  placed 
upon  the  table  in  tbe  ventral  position.     The  plat«,  or  preferably  two, 
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well  protected,  should  be  laid  under  the  pelvis.  The  table  is  tOted  so 
that  the  head  wiU  be  much  lower  than  the  feet,  an  expedient  fiir  brli^gliv 
the  calcnlns  as  much  above  the  pubis  as  possible,  thus  avoidipg  aaper- 
imposition  of  the  shadows  of  the  calculus  and  the  bone.  The  tabe  is 
placed  so  that  the  rays  will  be  parallel  with  the  sacrum  and  pass  tliroiigfa 
the  true  pelvis  without  causing  any  snperimposition  of  the  shadows  on 
the  n^;ative.  Skiagrams  produced  with  the  patient  lying  on  fha  back 
have  been  very  satis&ctory  in  my  experience,  especially  so  in  eocpoleBl 
sutdects,  by  placing  the  tube  above  the  umbilicus. 

In  Fig.  195  is  shown  the  skiagram  of  a  large  vesioal  oaleollML  At  a 
prominent  Philadelphia  hospital,  the  case  was  inconeotly  diagndnd  as 
an  enlargement  of  the  prostate.  The  patient  became  progressively  iranB^ 
and  as  a  victim  of  neurasthenia,  he  applied  to  the  Kervooi  DepMtaenfe 
of  the  Medico-Ghirurgical  Hospital,  190L  Dr.  EUwood  B.  TOAf  wag- 
gested  the  wisdom  of  an  X-ray  examination,  when  the  huge  ttlim1ii%  Ittie 
shown,  was  found.  The  patient  was  operated  upon  and  made  a  periM 
recovery. 

Englisch  ^  describes  a  total  of  405  cases  of  calculi  in  the  nifillMa  or 
diverticulum.    He  dassifles  them  in  various  groups^  and 
in  turn.    The  stones  were  in  the  membranous  iK>ition  in  14B 
and  in  the  bulbous  urethra  in  68  cases. 

(Xo3ure  of  the  Bladder^  a$  shoum  SldagrapkUxUy.  — 
found  that,  whether  the  bladder  was  fUly  distended  or  not^  fba  outline 
of  the  organ  was  oval,  not  pyriform,  and  the  urethra  was  sharply  cot 
off  from  the  bladder  without  a  suggestion  of  a  bladder  neck.  There  are 
reasons,  therefore,  for  believing  that  the  sphincter  of  the  bladder  plays  a 
more  important  part  than  Finger  and  Guyon  credit  it  with,  and  that 
under  ordinary  circumstances  it  is  by  this  muscle  that  the  bladder  is 
closetl,  whether  distended  or  not. 

F.  Prostatic  Calculi. 

F.  Frank  Lydston '  reports  that  a  farmer  aged  34  was  &Uen  upon  by 
a  horse,  and  the  perineum  sustained  a  severe  blow.  HsBmaturia  followed, 
without  obstruction  of  the  urethra,  and  he  was  apparently  well  in  10 
days.  Six  months  later  there  was  difficulty  in  micturition ;  he  passed 
several  small  calculi^  <ind  has  done  so  at  intervals  since.  Examination 
revealed  an  apparent  calculus  at  the  bulbo- membranous  junction,  with 
enlargement  of  the  prostate.  Operation  was  advised,  and  through  a  peri- 
neal incision  a  calculus  weighing  720  grains  was  removed  from  the  pros- 
tate. Lydston  l)elieves  that,  as  a  consequence  of  the  traumatic  stricture,  a 
certain  quantity  of   residual   urine  continually  remained  in  the  canal, 

»  Arch.  f.  klin.  Chir.,  Berlin,  1906,  p.  743. 
'  Arcliives  of  the  R<»ntgen  I^y,  May,  1906. 
^  AnnalH  of  Surgery,  March,  1904. 
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decomposition  followed,  with  the  formation  of  secondary  calculi.  The 
obstruction  caused  dilatation  of  the  prostatic  ducts,  small  secondary 
calculi  were  forced  into  the  latter,  and  one  of  these  became  enlarged, 
forming  a  nucleus  about  which  was  deposited  the  material  which 
resulted  in  the  formation  of  the  large  stone.  Stricture  of  the  urethra 
may  at  times  be  detected  by  injecting  bismuth  solution  and  then  taking 
a  skiagraph.  (For  biliary  calculi,  see  chapter  on  The  Alimentary 
System.) 


CHAPTER  VI 

APPLICATION  IN  THE  SPECIALTIES. 

I.  Obstetrics  and  Gynaecology. 
Obstetrics. 

In  radiographing  the  uterus  and  its  contents  much  difficulty  is 
encountered,  as  in  this  part  of  the  body  the  rays  will  have  to  penetrate 
many  thicknesses  of  tissues ;  but,  if  the  abdominal  wall  is  not  too  fat,  fair 
results  may  be  expected.  Another  obstacle  is,  the  refusal  of  the  patient 
to  remain  in  a  constrained  position  for  a  sufficiently  long  time  to  obtain 
the  desired  results. 

The  distance  of  the  sensitive  plate  from  the  uterus,  the  movements 
of  the  foetus,  and  of  the  uterus  itself,  and  the  respiratory  movements  of 
the  mother,  are  obstacles  to  satisfactory  results. 

Pelvimetry. —  A  new  process  of  pelvimetry  devised  by  Dr.  Henri 
Varnier'  demands  brief  attention.  When  a  radiograph  is  to  be  ob- 
tained, the  operator  arranges  the  X-ray  tube  at  a  short  distance  from 
the  part  to  be  radiographed,  usually  varying  from  16  to  24  inches  (40  to 
60  cm.).  The  result  is  that,  since  the  radiographic  negative  registers 
only  the  projected  shadows  of  the  object,  the  image  obtained  is  some- 
what larger  thiiu  the  original,  at  least  for  all  the  parts  of  the  latter  not 
in  direct  contact  with  the  sensitive  plate. 

In  order  to  surmount  this  difficulty,  Dr.  Yarnier  removed  his  source 
of  Rontgen  rays  to  a  distance  sufficient  to  permit  them  to  behave  practi- 
cally the  same  as  if  they  were  parallel.  He  has  shown  that  the  rays  may 
come  from  a  considerable  distance  and  the  ordinary  double  anode  tul)es 
can  be  employed. 

^Yith  a  coil  of  10  inches  (25  cm.)  spark  and  provided  with  a  Ducretet 
vibrator,  he  has  been  able,  in  an  exposure  of  ten  minutes  and  with  a  current 
of  10  anii)eres  at  26  volts,  to  obtain  the  outlines  of  a  dry  pelvis  upon  a 
photographic  plate  placed  at  a  distance  of  25  metres  from  the  Crookes 
tube,  and  in  an  exposure  of  20  minutes  the  siinie  outlines  were  obtained 
upon  a  plate  30  metres  distant.  It  is  usually  Ix^tter  not  to  resort  to  such 
distances,  thus  obviating  long  exposures. 

xVt  a  distance  of  five  metres  the  usual  instruments  of  measui*emeut 
do  not  show  anv  difterenee  l)etween  the  dimensions  exhibited  bv  the 
object  and  the  radiograph.  For  ordinary  exigencies  a  distance  of  2.5 
metres  is  sufficient,  as  shown  in  the  following  measurements  by  Dr. 
Yarnier  of  a  dry  pelvis.      The  error  found  is  of  the  Siime  nature  and 

^Scientilic  American,  May  1,  1901. 
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never  Exceeds  5  millimetres, — i.  e.,  it  is  practically  nil.  The  modus 
operandi  is  extremely  simple.  The  Crookes  tabe  is  placed  at  a  distance 
of  2.5  metres  (98  inches)  from  the  plate,  with  its  cathode  perpendicular 
to  the  long  axis  of  the  upper  brim  of  a  normal  pelvis,  taken  as  a  point 
of  observation. 

The  following  table  was  compiled  by  Dr.  Varnier  from  experiments 
and  measurements  with  a  dry  pelvis,  and  in  it  will  be  found  the  differ- 
ence between  the  dimensions  of  the  pelvis  itself  and  the  radiograph  : 


MEA8UBKMKMT8    MADE 


Dby  Pelvis 


mm.     inches 


Maximmn  transverse  diameter 122  =  4.803 


Antero-posterior  diameter  (the  only 
measure  up  to  the  present) 


114  =  4.488 


Left  oblique  diameter j   118  =  4.645 

103  =  4.056 


Transverse    bi-ischiatic  (  the    part 
farthest  from  the  plate ) 


Width    of   the    first   piece  of   the 
coccyx 

Distance  of  the  anterior  and  posterior 
iliac  bones 

Transverse  diameter  of  the  greater 
pelvis 


32  =  1.259 
235  =  9.281 
250  r^  9.842 


Radiotype 


Difference 


mm.     inches 
125  =-^  4.921 


117  =  4.(K)6 
121  ----  4.7d3 


108  =  4.251 


33  -:=  1.299 


235  ^^  9.251 


250  ^  9.842 


mm.     inch 
4-3  =  -f  0.118 


-f  3  - 


-t 


t  3  = 


45 


+  1  - 


0 


0  -^ 


-f-0.118 
-jO.118 

-h0.196 

-jO.040 

-f  .0 
+  .0 


Along  the  line  A  B  (Pig.  196)  taken  as  a  base,  he  arranges  in  his 
frame  a  40  x  50  centimetre  (15.74  x  19.68  inch)  sensitized  plate.  The  dry 
pelvis  is  then  placed  in  pronation  (/.  e,,  with  the  front  downward)  with 
the  line  of  crests  resting  upon  C  D  and  its  antero-posterior  diameter  in 
line  with  E  F. 

In  order  to  operate  upon  a  living  person,  it  suffices  to  replace  the 
dry  pelvis  by  the  subject  to  be  examined,  who  must  lie  so  that  the  pelvis 
will  assume  the  same  position.  By  using  the  data  given,  the  measure- 
ments may  be  accurately  obtained. 

The  patient  can  be  made  more  comfortable  by  employing  the 
author's  tube-holder  and  table,  placing  the  tube  under  the  table  and 
having  the  patient  assume  the  dorsal  decubitus  position  ;  often  the 
Trendelenburg  position  is  useful,  because  of  the  gravitation  of  the 
abdominal  contents  toward  the  diaphragm,  thereby  lessening  the 
obstruction  to  the  ravs. 

CJontremoulins,*  of  Paris,  takes  two  skiagrams,  with  the  tube  in  two 


*  Bouchard,  "Trait^^   Radiologie   Medicale,"    p.   1010,   a   contribute*!  article   by 
M.  Fabre. 
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dJQereut  positions,  without  (listurbiiig  tlie  iiatieiit  or  iiltfriiig  the  plaj 
of  projection.     The  first  negative  i^  lakeji  inul  tlii-n  jfuioved,  and 


second  plate  is  plMccd  in  tin'  siinu-  jio^iiitm.  In  each  instance  the  nonniil 
point  of  incidence  is  indicated  on  the  skiagram.  A  tracing  of  the  saJieiil 
points  is  made,  to  l>e  nltimalcly  tninsferre<l  to  a  ziue  jilate.  Threads  am 
stretched  from  puiiits  in  the  latter  l>v  winch  llie  two  conea  of  pr(>jecti«n 
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may  be  redrawn,  their  apices  corresponding  to  the  two  positions  of  the 
Crookes  tube.  The  intersection  of  these  cones  is  an  index  of  the  position 
and  size  of  the  pelvic  inlet. 

Stereo-skiagraphy  of  the  pelvis  is  the  best  method  to  employ  in 
pelvimetry  and  for  the  study  of  pelvic  deformities. 

The  data  given  in  the  above  table  are  those  used  in  the  special  radio- 
graphic department  of  the  Baudelocque  clinic,  founded  by  Prof.  Pinard 
and  Dr.  Varuier. 

Williams^  says  :  ^*In  order  to  determine  the  transverse  diameter  of 
the  superior  brim  of  the  pelvis,  the  following  method  has  been  devised 
by  me,  by  which  the  two  halves  of  the  pelvis  are  taken  separately,  but 
on  the  same  photographic  plate.  The  patient  lies  on  her  back  on  a 
stretcher,  with  the  plate  over  the  abdomen  and  the  inlet  of  the  pelvis 
about  parallel  with  the  plate.  When  the  right  side  of  the  pelvis  is  being 
taken,  the  left  half  of  the  plate  is  shielded  by  a  sheet  of  lead  placed 
under  the  plate.  The  tube  is  placed  by  means  of  a  plumb  line  as  nearly 
as  possible  directly  under  the  right  border  of  the  superior  brim  of  the 
pelvis,  in  the  line  of  the  pelvic  axis — 3  centimetres  to  the  right  of  the 
median  line.  If  the  tube  is  at  least  60  cm.  from  the  plate,  the  distortion 
in  the  photograph  will  not  be  great.  After  the  first  exposure  has  been 
made,  and  the  left  side  of  the  pelvis  is  to  be  photographed,  the  sheet  of 
lead  is  moved  so  as  to  cover  the  right  half  of  the  plate  and  the  tube  is 
placed  immediately  over  the  left  edge  of  the  superior  outlet  of  the  pelvis, 
3  cm.  to  the  left  of  the  median  line.  Its  proper  position  being  obtained 
by  means  of  the  plumb  line,  the  photographic  plate  is  not  disturbed. 
An  exposure  is  then  made  of  this  part,  and,  thus,  a  photograph  of  the  two 
sides  of  the  brim  of  the  pelvis  is  obtained.  By  this  method  the  error 
due  to  the  slanting  direction  of  the  rays  falling  on  the  pelvic  brim  and 
the  plate  when  only  one  exposure  is  made  for  both  sides  is  avoided, 
and  no  calculation  is  necessary  to  estimate  the  amount  of  exaggeration, 
as  in  the  latter  case."  This  method  is  applicable  to  non-pregnant 
cases.  With  the  gravid  uterus  the  plate  cannot  be  brought  in  contact 
with  the  part. 

A  skiagraph  of  the  foetus  may  be  produced  quite  readily  after  it  has 
been  taken  from  the  uterus.  In  1896  Dr.  Oliver  diagnosed  one  ectopic 
gestation,  six  weeks  beyond  term,  in  a  woman  aged  39  years.  An  attempt 
was  made  to  radiograph  the  mass  within  the  abdominal  cavity,  but  the 
result  was  altogether  unsuccessful.  Operation  proved  the  presence  of 
an  ovarian  sac,  which  contained  a  nine-months'  foetus.  After  its  removal 
by  operation  a  successful  skiagram  of  the  foetus  was  produced.  Human 
foetuses  in  various  stages  of  development  are  to-day  quite  readily  and 
successfully  skiagraphed.  The  older  the  foetus  the  better  will  be  the 
resulting  skiagraph. 

*"The  Rontgen  Rays  in  Medicine  and  Surger>%**  p.  379. 
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Gramd  Uterug. — I  have  been  able  to  produce,  in  a  few  cases,  skia- 
grams of  gravid  uteri.  Dr.  E.  P.  Davis'  states,  that  his  expej-iments 
showed  that  it  is  possible  to  obtain  an  outline  of  the  living  foetus  in  the 
body  of  the  mother,  notwithstanding  the  ttiickness  of  the  tissues,  and  the 
distance  at  whicli  the  Crookes  tube  is  necessarily  placed  from  the  foetns. 
I  made  several  stereo-skiagrams  of  pregnant  women  at  the  Philadel- 
phia Hospital  for  Dr.  Davis,  and  the  result  was  eminently  successful. 

Anatomical  specimens  of  uteri,  and  their  contents,  removed  from  the 
body  should  occasion  no  difficulty.  By  varying  the  current  and  the  time 
of  exposure,  it  is  undoubtedly  possible  to  obtain  a  useful  picture  of  the 
contents  of  the  living  womb. 

Dre.  Henri  Varuier  and  Ed.  Pinard  have  diligently  studied  the 
gravid  utems,  both  in  the  living  and  the  dead,  by  means  of  the  Bontgen 
rays.     In  the  case  of  a  woman  dying  from  urtemia,  they  were  enabled  to 


show  Hie  hcjwl  of  a  scven-montlis"  fa'tns  at  the  superior  stntit  In  the 
KCfond  <'asc,  after  death  from  some  form  of  lung  disease,  they  were  enabled 
to  show  lln-  contour  of  tlii'  nteriLS  together  with  a  jMi-t  of  the  vertebral 
column  of  llio  (-onlained  fictus. 

(Jueircl  and  Acquavitii'  assert  that  the  evolution  of  the  osseous  sys- 
tem is  demoiisl i-.iblc,  at  piemalurc  birtli,  by  the  skiaprapli,  and  hence 
the  lioterniinalioii  of  the  age  of  the  dev(;]o]>iiig  foetus  assumes  an  impor- 
tance in  miittcfs  of  medico-legal  iiitcri'sr. 


I-  Mci 


■ills 


',Miircli, 


Itii.  p.  268. 
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Gynjecology. 

So  far  the  X-rays  have  been  of  little  practical  value  in  gynaecol- 
ogy. Before  long,  however,  correct  diagnoses  of  various  tumors,  cysts, 
abnormal  positions  of  the  uterus,  diseases  of  tubes  and  ovaries,  etc,  will 
undoubtedly  be  made  by  means  of  the  Eontgen  rays.  At  present  the 
shadows  produced  upon  sensitive  plates  of  the  various  conditions  of  the 
pelvic  and  abdominal  organs  (except  the  bladder  and  prostate)  are 
insufficient  in  detail.  Dr.  Eden  V.  Delphey '  says,  that  the  main  use  of 
the  X-rays  in  gynaecology  lies  in  the  treatment  of  malignant  disease,  and 
when  a  diagnosis  is  made  sufficiently  early,  the  neoplasm  and  often  all 
the  pelvic  reproductive  organs  should  be  removed  by  surgical  means,  so 
as  to  get  entirely  beyond  the  malignant  growth  and  prevent  recurrence. 
When  this  can  be  done,  the  protuberant  portion  should  be  removed  and 
the  remainder  subjected  to  the  influence  of  the  Bontgen  rays. 

II.   Rhinology,  Laryngology,  and  Otology. 

The  X-rays  are  at  present  coming  into  use  in  affections  of  the  nose, 
throat,  and  ear. 

Khinology. 

A  screen  examination  of  the  nasal  bones,  when  displaced,  depressed, 
or  fractured,  is  well  illustrated  by  this  means.  If  supports,  as  silver  or 
aluminium  splints,  are  placed  under  the  depressed  bones,  their  correct 
position  may  easily  be  ascertained  by  a  screen  examination ;  the  same 
holds  good  for  exostoses  and  foreign  bodies.  Abscesses  of  the  antrum 
and  frontal  sinuses  may  be  readily  skiagraphed,  and  I  find  for  these  cases 
head  rests  (Figs.  197  and  198)  most  valuable. 

Diseases  of  the  frontal  sinuses  may  be  skiagraphed  in  the  occipito- 
frontal and  lateral  positions.  The  former  is  difficult,  because  of  the 
thickness  of  the  skull.  By  this  view  we  note  on  the  plate  the  presence 
or  absence  of  these  sinuses,  also  their  size,  shape,  symmetry  or  asymmetry, 
the  number  of  septa,  the  presence  of  contained  morbid  products,  and  the 
extent  of  the  orbital  and  ethmoidal  recesses.  The  skiagraph  in  the  lateral 
position  is  easier  of  accomplishment,  but  it  fails  to  show  the  details  above 
mentioned,  because  only  one  side  is  taken  and  therefore  forbids  compari- 
son ;  but  it  shows  clearly  the  ethmoidal  and  orbital  recesses  and  the 
sphenoidal  sinuses.  Both  views  should  always  be  skiagraphed.  The  den- 
tiaskiascope,  or  endodioscope,  first  described  by  Dr.  Macintyre  and  used 
for  examining  the  hard  and  soft  tissues  about  the  bones  of  the  face,  nose, 
and  larynx,  deserves  mention.  Dr.  Macintyre  writes  as  follows  :^  ''  The 
fluorescent  screen  is  placed  inside  of  the  mouth  and  the  Crookes  tube  out- 
side, or  vice  versd.     Small  disks  of  glass  are  coated  with  the  fluorescent 

*  Annals  of  Gynjpcology  and  Pecliatrics,  Feb.,  1903. 
'  Glasgow  Hospital  Reports,  1898,  p.  306. 
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Bait  and  covered  iritb  alaminiom.  or  tongne  depressors  coDsistiog  of  flut 
Btripfl  of  glass  covered  and  coated  in  the  same  way  maybe  employed.  By 
placing  the  tube  outside,  I  am  able  to  get  an  image  of  tbe  septum  and 
other  parts  of  the  canty  of  tbe  nose,  on  the  fluorescent  screen  in  tbe 
month.  In  tbe  same  way  the  roots  of  the  teeth  may  be  seen.  If  tbe 
surgeon  desires  to  examine   the  tissues  externally. — i.  <■..  to  pass  the 
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KblUH!  thp  fuclul  angle,  Uie  uinre  urulc 
IhL'  liiiTii|!i-!<  iif  niy^imil  the  luwif  thi;  hbiilt.  nr  a  line  conniving  tlit 
I  tliu  irlulwlla.  TJie  nu.rv  neiile  tlie  rucml  aiicle.  (he  luilv  nbim-  ibould 
Iw.  TheX-hiyx  PhuuM  fnrm  tu>  iitiiru  ii;[htaiiizle  t->  (he  |>lBIc  at.  )ni«il>l>-. 
.tihemiliJuiLliiiJie,  Iflhi- rays  utudirecliHl  throusli  the  r.-rvini1  reeirai, 
will  timiw  irn%.'ular  ^lm•low^l  ovt-r  (lie  ^iiiwd.    I  Hn.)  thut  (hL«  Lt  iid- 


niys  llinjiiHli  tlic  neck, — wc  can  i>l;ic(!  ji  STiiall  fluorescent  sci-eeii  on 
one  .si<l<'  anil  icriiovc  tlie  t'n>ok(?s  tul>e  l<i  a  suitjiMe  distance.  By  this 
iin'iiii.s  I  liavc  Iwcii  al>lt)  tii  de iii mist  rat >.•  the  presence  of  foreign  bodies, 
and  need  lianlly  add  tbat  they  are  nnn-e  easily  pliotogniplied." 

Monnier'  is  able  to  diagnosis   Ibc   ctiolo^iiul  fiictors  of  a  ebroiiic 
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post-nasal  suppuration  associated  with  epiphora.  He  gives  as  the  cause  a 
piece  of  a  lacrymal  sound  which  had  remained  in  the  nasal  duct  for  some 
twenty  years. 

Laryngology. 

While  the  X-rays  have  accomplished  but  little  in  the  department  of 
laryngology,  they  have  proved  of  great  service  in  the  detection  and 
accurate  localization  qf  foreign  bodies  in  the  upper  portion  of  the  diges- 
tive and  respiratory  tracts,  thus  aiding  the  laryngologist  to  decide  as  to 
the  advisability  and  character  of  operations  for  their  removal ;  also  in 
the  determination  of  the  ossification  of  structures  in  the  laryngeal  and 
tracheal  cartilages.  At  present  we  can  ascertain  with  scientific  accuracy 
the  time  and  the  points  at  which  all  the  cartilages  ossify.  The  X-rays 
aid  in  the  diagnosis  of  intra-thoracic  growths  involving  the  respiratory 
tract,  either  by  compression  of  the  trachea,  or  by  some  form  of  vocal-cord 
paralysis.  They  are  also  likely  to  prove  useful  in  the  earliest  detection 
of  any  tuberculous  processes  in  the  lungs.  The  observer  must  be  trained 
to  this  line  of  observation  in  order  that  perfection  may  be  obtained.  The 
delicate  variations  in  the  shadows  that  form  on  the  fluorescent  screen  can 
be  properly  interpreted  only  by  practice.  Fig.  199  shows  the  presence  of 
a  tumor  in  the  trachea. 

Otology. 

The  rays  have  been  of  slight  value  in  otology.  In  two  cases  where 
foreign  bodies  had  been  introduced  into  the  ear,  I  was  able  to  detect  and 
localize  them  by  means  of  the  X-rays.  In  each  instance  the  external 
auditory  canal  was  greatly  inflamed  and  swollen,  so  as  to  prevent  an 
ordinary  examination  of  the  part  with  a  satisfactory  result. 

The  diagnosis  of  mastoid  abscess  by  the  X-rays  is  feasible.  Three 
cases  examined  by  me  showed  the  presence  of  abscesses,  and  subse- 
quent operations  confirmed  the  diagnoses.  In  all  these  cases  the  nega- 
tives showed  a  dense  shadow  instead  of  the  porous  appearance  found 
normally. 
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CHAPTER  VU 

APPLICATIOK  US  DBNTISTET. 

The  employment  of  the  X-rays  ia  dentiatary  has  opened  np  a  pnwt- 
Idng  field.'  Thug  tar  Bkiagrapfay  has  rendered  Involaable  aid,  awliHnt 
the  dental  sorgeon  in  diagnoatioatiDg  perpleiung  oonditlonB  and  In  etm- 
flrmlog  conclxislons  previonsly  obtained.  Thus,  the  position  of  tbA  zoob^ 
Qte  oooarrenoe  of  fracture  of  a  root,  the  preaenoe  of  alveolar  abBcaptiai, 
the  ^datence  of  flaid  in  the  antrum,  and  many  other  pathol(^ioal  states 
uaA  eondildoDB  are  readily  revealed  to  na  through  this  method  of 
iavestiigatdon.  The  Btrootore  and  evolntioa  of  the  teeth  con  he  studied 
in  the  living  sal^eot. 

I.  Apparatus  Used  in  Dental  SldaBi'*phy> 

The  paraphernalia  and  teohnio  employed  in  dental  skiagr^diy  do 
DcA  differ  from  those  oaed  for  other  r^ona  of  the  body.  A  small  oodl  of 
6-  or  7-iooh  spark  length  is  sofflcient  For  the  denser  atmotore^  as,  fior 
instance,  the  entire  thicknesB  of  the  maxillary  bcmes,  a  tube  of  hj^ 
TBcaom  ia  essential ;  the  aame  kind  of  tnbe  ahonld  be  employed  whtt» 
the  skiagram  moat  be  taken  rapidly,  and  where  the  erposnre  is  ooa- 
seqnently  short,  aa  in  cases  of  children. 

II.  Technic. 

Fluoroscopic  examinations  in  dentistry  do  not  yield  satisfactory 
results.  The  two  methods  at  present  employed  in  dental  skiagraphy  are 
the  intra^oral  and  the  extra-oral  or  buccal. 

The  iiUra-oral  method  consists  in  iiiserting  a  small  piece  of  film  (light 
and  moisture  proof)  over  the  alveolar  tissue  where  trouble  is  sospected, 
and  in  adjusting  the  tube  so  tliat  perpendicular  rays  will  fall  upon  the 
teeth  and  film.  A  small  sensitive  plate,  being  inflexible,  cannot  be  made 
to  adapt  itself  to  the  curvature  of  the  part.  Rollins,  of  Boston,  encases 
the  film  in  an  aluminium  cover,  while  Price,  of  Cleveland,  Ohio,  uses 
nnvulcanized  black  dental  rubber,  protecting  the  emulsion  with  ashe^ 
of  sensitive  bromide   paper.     Kodak   films    cannot  be  used    for   this 

'  The  first  Bkiagraph  of  the  teeth  waa  eihibited  by  Prof.  Koenig,  to  tho  Sodety 
of  PhyBics  of  Frankfort-f>n-the-Main,  in  February,  1890. 

In  April,  1S96,  at  the  Congress  of  Erlangen,  W.alkoH  demonstrsU^  many  ski*- 
graphaof  the  teeth  in  living  subjects.     (Bouchard,  "Traiti  Radiologic  MMicale.") 

Dr.  William  J.    Moiiiin   on    "The  X-rayB   in  Dentistry,"  which   appe«Ted  in 
Dmtal  Cotmof,  June,  189fi,  reproduced  from  his  book  :    "  The  X-rays,  or  Photagnphy 
of  the  Invisible." 
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purpose.  Formerly  I  preferred  a  specially  prepared,  thick,  double- 
coated  film,  which  I  cut  to  the  required  size  and  enclosed  in  a  layer  of 
black  paper,  after  which  the  paper  was  so  folded  as  to  enclose  snugly 
the  film,  and  the  whole  placed  in  a  yellow  envelope  just  large  enough  to 
accommodate  the  size  of  the  paper  and  film  ;  the  smooth  side  correspond- 
ing to  the  sensitive  side  of  the  film.  Lately  I  have  much  preferred 
Eastman's  negative  transparent  films,  which  are  neatly  encased  and 
always  ready  for  use. 

Place  the  patient  in  the  dental  chair  and  adjust  the  tube.  See  that 
the  rays  fall  perpendicularly  to  the  vertical  axis  of  the  teeth.  If  the 
adjustment  of  the  tube  is  faulty,  the  shadows  of  the  teeth  will  be 
distorted.  In  order  to  include,  in  the  skiagraph,  the  roots  of  the  teeth 
place  the  film  against  the  hard  palate.  Before  its  introduction  into  the 
mouth,  the  enveloped  film  should  be  reinforced  by  a  couple  of  rubber 
bands.  Skiagraphic  work  on  the  superior  maxillary  bone  is  less  satis- 
factory than  upon  the  inferior  maxillary,  as  the  film  cannot  be  brought 
in  a  line  parallel  with  the  teeth.  Two  films  can  be  exposed  at  one 
time.  As  only  one  or  two  teeth  can  be  included,  the  film  should  be 
pressed  against  the  affected  part,  the  exposure  varying  from  two  to  ten 
seconds.  By  this  method  sharper  definition  on  the  negative  is  obtained, 
and  only  a  small  area  is  skiagraphed. 

The  extra-oral  or  buccal  method  (Fig.  200)  requires  a  plate  8  x  10  to  be 
brought  in  contact  with  the  jaw  at  the  suspected  region.  A  block  of  wood 
is  wedged  between  the  widely  extended  jaws,  and  the  patient  is  directed 
to  lie  upon  the  affected  side,  and  to  incline  the  head  and  neck  to  an  angle 
of  about  45  degrees.  The  tube  is  now  placed  on  the  opposite  shoulder,  the 
latter  is  protected  by  a  sheet  of  lead  (the  tube  being  placed  very  close  to 
the  shoulder),  and  the  rays  are  sent  obliquely  at  a  distance  of  20  to  25 
inches  (50-63  cm.)  from  the  face,  to  avoid  overlapping  of  the  shadows 
of  the  jaw.  This  method  produces  a  picture  of  great  area,  and  is 
intended  for  bicuspids  and  molars  of  both  jaws.  Exposure  varies  from 
half  a  minute  to  two  minutes. 

Dr.  Sinclair  Tousey,^  of  New  York  City,  thus  describes,  ^*  A  new 
film-carrier  and  indicator  for  dental  radiography  with  projection  upon  a 
horizontal  plane.'' 

^*  It  consists  of  a  stiff  card  two  and  one-half  inches  (6  cm.)  wide  and 
five  inches  (13  cm.)  long,  covered  at  one  end  by  a  sheet  of  rubber  dam, 
which  forms  a  pocket  into  which  the  film,  wrapped  in  black  paper,  may 
be  slipped.  This  end  is  placed  horizontally  in  the  patient's  mouth,  and 
held  there,  by  tightly  closing  the  lips  and  teeth.  The  part  of  the  card 
which  projects  from  the  patient's  mouth  has  a  clamp  of  aluminium, 
which  may  be  turned  to  either  side  or  straight,  and  carries  a  thin 
aluminium  rod  which  is  always  held  at  the  proper  angle  to  the  plane  of 

'Archives of  Physiological  Therapy,  September,  1905. 


lefflmT  iJiagrams  of  tbe  teeth  are  priiileil  iipou  botli  Uie  upper 
luwer  surface  of  tbc  cartl^  aud  servo  to  indicate  tiie  position  to  wliicli  tlie 
alumininm  pointer  must  be  turned  laterally. 

"  For  radiograpliiug  the  upper  jaw  the  patient  sits  erect  with  a  film- 
sirrier  in  his  mouth.  The  poiuter  is  turned  to  the  position  on  the  <iia- 
[ini  where  th(;  ti^eth  of  chief  interest  are  located,  aud  the  X-ray  tube  in 
„  Frieillander  shield  is  brought  into  a  position  to  correspond  with  the 
position  of  the  pointer.  In  other  words,  we  havo  an  aluminium  rod 
which  points  to  the  spot  where  the  anticathotle  of  the  tube  alionld  bC 
phiced.  For  the  lower  jaw,  a  film-carrier  is  turned  down,  and  it  will 
often  be  found  desirable  to  tilt  the  patient'o  head  somewhat,  in  order  H 
cause  the  indicator  to  point  to  a  spot  at  which  it  is  practicable  to  pladu 
the  X-ray  tube.  It  is  hardly  necessary  to  add  that,  since  the  fnciaQ 
teeth  are  an  inch  behind  the  pivot  of  the  indicator,  the  anticathodo  muM 
be  placed  in  corresponding  relation  to  the  pointer. 

''The  value  of  the  fiini-carrier  aud  indicator  lies  in  the  fact  that  I 
readily  and  securely  holds  the  film  in  position,  without  placing  tl^ 
finger  inside  the  iiatient's  mouth.  The  projrer  n^lation  of  tube  and  fila 
are  very  rfiadily  acquired.  .The  picture  obtained  gives  an  exact  mmtsufl 
of  the  length  of  the  t«eth,  and,  most  imjiortant  of  all,  the  teeth  of  tbi 
whole  side  or  front  of  the  jaw  may  l>e  shown  on  one  film.  By  u.'<ing  HI 
uunsually  wide  filiu,  it  is  practicable  to  secuie  a  picture  of  very  good 
definition,  of  the  teeth  of  both  aides  of  the  lower  jaw,  and  also  of  th 
incisor  teeth,  but  the  latter,  of  coni-se,  would  be  :i  C"nfuf<-il  overlai*-  | 
ping  mass.  The  radiograph  of  the  upper  jaw  may  show  all  the  front 
teeth,  or,  if  taken  at  the  side,  all  the  side  teeth  and  the  antmm  of 
Higbmore.  To  get  the  wisdom-teeth,  either  upper  or  lower,  the  back  of 
the  film  must  be  held  far  b:ick  in  the  mouth,  but  this  is  less  nnpleaaantto 
the  patient  than  the  more  usual  way  of  pressing  a  small  film  againsb  tte 
inside  of  thejaw  far  enough  back  for  that  purpose.  The  greater  eesa 
with  which  it  is  practicable  to  show  the  entire  vertiail  width  of  the  lowu 
jaw  is  an  additional  advantage." 

III.  Clinical  Applications. 

Un^itpled  Teeth. — An  important  condition  coming  under  the  dentists 
care  is  the  retention  or  non-eruption  of  a  permanent  tooth,  owing  to  the 
temporary  tooth  remaining  in  the  alveolar  socket,  beyond  the  age  con- 
sidered normal.  If  the  skiagram  i-eveals  the  unerupted  tooth  to  be  of 
normal  shape  and  so  located  as  to  i)crmit  of  its  eruptiou,  the  indicatioD 
is  to  remove  the  temporary  tooth.  Many  cases  of  odontalgia  are  an- 
donbtedly  due  to  an  unerupted  tooth  ;  in  snch  cases  the  etiological  factor 
may  be  revealed  by  the  X-rays.     (Figs.  201,  20l>,  203,  204,  205,  206.)  j 

Necrosis  of  the  MaxUla. — Necrosis  of  the  superior  or  inferior  mazillaiy     * 
bone  can  readily  be  shown  by  careful  X-ray  examinations.     (Fig.  207.) 
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A  necrotic  condition  of  the  jaw,  especially  when  advanced,  as  in  phos- 
phorus poisoning,  gives  the  skiagram  a  lighter  area  than  is  produced  by 
the  adjacent  unaffected  bone.  In  a  few  cases  that  have  come  to  my  notice, 
I  have  observed  a  peculiar  condition, — namely,  an  irregular  arrangement 
of  the  teeth,  failing  to  remain  in  the  sockets,  as  seen  normally.  The  light 
area  produced  by  necrosis  is  undoubtedly  due  to  a  decrease  of  organic 
material,  replaced  partially  by  an  increased  amount  of  inorganic  salta 
In  a  ease,  referred  to  me  by  Dr.  Cryer,  the  patient  presented  a  swell- 
ing at  the  angle  of  the  lower  jaw.  A  skiagraph  showed  the  absence 
of  true  osseous  tissue.  The  part  was  curetted,  and,  three  months  later,  at 
a  clinic  at  the  Philadelphia  Hospital,  the  skiagram  revealed  a  regenera- 
tion of  the  osseous  tissue. 

Aiikylosia  of  the  Inferior  MaxUlary  AriiciUation. — This  may  be  true  or 
false,  partial  or  complete,  depending  upon  the  cause.  Fluoroscopic 
examinations  in  this  condition  are  unsatisfactory,  except  for  observing 
the  movements  of  the  tempore- maxillary  articulation.  The  skiagram  is 
taken  by  the  extra-oral  method.  A  negative  showing  the  affected  joint 
in  the  early  stages  usually  presents  an  irregularity  of  the  articulating 
cartilaginous  surfaces.  In  true  ankylosis,  as  when  following  a  fracture 
involving  a  joint,  the  latter  may  be  seen  to  be  wholly  obliterated.  In 
false  ankylosis,  the  joint  is  seen  to  be  much  ero<led,  the  fibrous  adhesions 
not  being  evident  unless  they  have  become  partially  infiltrated  with 
inorganic  salts. 

Fracture  of  the  Inferior  MaxUlary  Bone. — For  this  injury  employ  the 
methods  before  described.  In  fracture  of  the  symphysis,  the  plate  should 
be  i>laced  under  the  chin,  the  inferior  maxilla  being  fully  extended,  in 
order  that  the  rays  may  penetrate  the  injured  part  from  above.  Some 
prefer  to  place  within  the  oral  cavity  a  film,  and  have  the  rays  pass 
from  the  outside,  as  employed  for  unerupted  teeth.  The  progress  of  repair 
in  this  fracture,  as  well  as  in  others  involving  this  bone,  may  be  easily 
determined  by  frequent  fluoroscopic  examinations. 

Broken  Instrwnents. — Not  infrequently  a  dentist^  in  his  endeavor  to 
fill  the  root  canal,  breaks  an  instrument,  the  fragment  remaining  inside 
the  cavity.  In  his  endeavor  to  remove  the  particle,  he  may  cause  it  to 
Ixjcome  lodged  more  tightly  and  further  up  in  the  cavity.  An  X-ray 
examination  will  enable  him  to  decide  upon  a  course  most  suitable  for  its 
early  removal. 

Root-Canal  Fillings. — An  X-ray  examination  will  demonstrate  whether 
a  canal  has  been  properly  filled  or  not.  Such  an  examination  after  the 
tilling  of  a  root-canal  would  accomplish  much  toward  the  prevention  of 
an  alveolar  abscess. 

Abscess  of  the  Antrum. — Pus  or  other  fluid  in  the  antrum  of  Highmore 
may  readily  be  seen  by  careful  fluoroscopic  examinations.  The  X-rays 
are  eminently  practicable  in  diagnosticating  various  diseases  of  the 
antrum.     Foreign  bodies,  as  roots  of  teeth,  are  located  with  exactness. 
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ami  Ibe  rviolions  of  tbe  luvtli  tn  thv  aotrain  ur  ab^o^sMW  nUmt  t 

cUsrl;  be  dnBonfitralMl,  also  tbe  |io«itioa  and  ^upt?  of  tlw  ll<Htr  of  tlte 

antnun,    thm   pmseiifv  of  flaid  or  pa&  etc.  whirh  may  Ir-  coiiintned 

UiorBUi. 

Alivjbtr  Ab»ceji». — liesui  pul|>  in  a  liMth  iDdifsUcsa  break  in  the  u>d 
tiuDily  of  tli«  iK>rk'«iitetiti>l  tueiubrane  ut  the  apes  of  Ute  root,  anil  tuutv 
or  ItfR  ttU«orj>ti(iii  of  Ibe  adjacent  oeseoos  tissue,  and  orcasionally  of  tlie 
roolH  in  luiig-Hlandiug  cases.  In  the  majority  of  instaac«s  such  au  abscves 
is  due  to  iDip<.Tfect  IreatDient,  bnt  in  many  cases  the  canal  of  the  root  is 
m  uarruw  and  irregular  a^  to  make  it  almosl  impo^ble  to  fill  the  canal 
or  cavity  to  the  apex.  'Wben  a  case  presents  symptoms  of  a  i>erieeniental 
inflaniiuation  ami  the  biston-  18  uncertain,  the  most  niliouul  proetMnrv 
ifl  flrst  to  skiagraph  tlie  field,  tbiis  a!>certaining  tbc  vxaet  location  and 
ezlciit  of  the  lesion  atid  often  its  cause.     (Fig.  208.  f 

Tumors,  such  as  sarcomata  or  carcinouiata.  tliat  frequently  develop 
in  the  antmm,  can  in  some  catses  bo  demonstrated  by  Rireful  X-rny  exani- 
inutloDK.  A  cavity  that  is  free  from  pu*s  blood,  other  fluid,  or  tiimom 
itliows  a  clearer  and  more  sharply  defined  shadow  than  where  one  of  tht- 
conditioni-i  just  named  is  present. 

Orthodontia.  —  Jn  deformities  of  the  jaws  due  to  or  associated  wilb 
unernpted  teeth,  the  dental  ekiagrapher  can  ascertain  with  groat  exact- 
ness the  si/e,  shape,  and  j)osition  of  the  t«^th  within  the  Ikjhgs. 

Ot?ea-iiiiij;illy  tW  il-^nlLst  is  c:illi'd  iipi.ii  t.i  tr-nluli'  t.'ctli,  and  bef-.rr 
80  doing  it  is  advisable  for  him  to  know  the  exact  position  of  the  roots, 
and  also  to  what  extent  the  tooth  canals  are  closed.  If  the  apex  of  the 
root  is  not  fully  developed,  the  teetb  can  be  regulated  more  rapidly 
and  without  danger  of  destroying  the  pulp. 
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CHAPTER   VIII 

THE  EONTGEX  rays  IX  FORENSIC^  MEDICINE. 

I.  The  Legal  Status  of  the  X-Ray. 
A.  Admissibility  in  Various  States. 

Ever  since  Prof.  Rontgen's  immortal  discovery  has  been  applied  as 
a  diagnostic  agent  in  medicine  and  surgery,  the  legal  status  of  the  X-ray 
has  been  argued,  denounced,  and  defended  by  attorneys  the  world  over. 
It  seems  most  fitting  to  quote  a  few  lines  from  the  comprehensive  contri- 
bution of  the  Hon.  W.  W.  Goodrich,  Presiding  Justice,  Appellate  Divi- 
sion of  the  Supreme  Court  of  the  State  of  New  York,'  second  judicial 
department. 

"  The  general  rule  with  regard  to  ordinary  photographs  has  long  been 
that,  wherever  the  person  or  thing  would  under  general  rules  be  relevant 
if  produced  in  court,  or  the  jury  would  be  permitted  to  see  it  if  conven- 
ient, a  photograph  of  such  person  or  thing,  if  properly  authenticated,  is 
admissible  when  the  original  cannot  be  seen.  Whenever  the  jury  are 
likely  to  be  materially  aided  by  the  opinions,  on  matters  of  fact,  of  per- 
sons specially  qualified,  they  should  have  them,  and,  for  the  purpose  of 
illustrating  and  making  clear  the  testimony  of  medical  and  surgical 
experts,  photographs  taken  by  the  Rontgen  or  X-ray  process  have  been 
admitted  as  evidence  in  the  courts  of  several  of  the  states.  A  reference 
to  these  cases  will  show  the  present  status  of  the  law  upon  the  subject. 
The  first  case  in  which  the  question  arose  in  this  country  is  unreported, 
but  there  is  a  summary  of  it  in  the  Chiaigo  Legal  News.  It  was  decided 
in  Colorado,  in  1896,  and,  in  admitting  the  X-ray  photograph,  the  learned 
Judge  Lefevre  said :  *  During  the  last  decade  at  least,  no  science  has 
made  such  mighty  strides  forward  as  surgery.  It  is  eminently  a  scien- 
tific profession,  alike  interesting  to  the  learned  and  unlearned.  It  makes 
use  of  all  science  and  learning.  It  has  been  of  inestimable  value  to  man- 
kind. It  must  not  be  said  of  the  law  that  it  is  wedded  to  precedent ; 
that  it  will  not  lend  a  helping  hand.  Rather,  let  the  courts  throw  open 
the  door  to  all  well-considered  scientific  discoveries.  Modern  science  has 
made  it  possible  to  look  beneath  the  tissues  of  the  human  body,  and  has 
aided  surgery  in  telling  of  the  hidden  mysteries.  We  believe  it  to  be  our 
duty  in  this  case  to  be  the  first,  if  you  please  to  so  consider  it,  in  admit- 
ting in  evidence  a  i)rocess  known  and  acknowledged  as  a  determinate 
science.  ^ ' ' 

Probably  the  leading  cjise  in  this  country  on  the  subject  under  dis- 
cussion is  that  of  Bruce  vs.  Beall  (99  Tenn.  303),  decided  September  30, 

*  Brooklyn  Me<lic*al  Journal,  I>eoember,  1903. 
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-I  TtUIge 'beard,  writing  for  the  Court,  said:    "lu  the  progress  ii 

te  trial,  uiie  Dr.  Gultmati  was  introduc-eil  as  a  wituess,  and  he  was  per- 
«d  to  snbmil  to  the  jury  an  X-my  photograph,  taken  by  him,  show- 
he  overlapping  Imucs,  of  one  of  tlie  plaintiff's  legs,  at  a  point  where 
_   Has  broken  by  this  fail.      This  was  objected  lo  by  the  defendant's 
iDsel.    This  picture  waa  taken  by  the  witness,  who  was  a  physician  and 
'ouigeon,  Dut  only  familiar  with  fi-actnres,  bnt  with  the  new  and  interesting 
process  liy  which  this  particular  impi-essiou  was  secured.     He  testified, 
that  this  photograph  accurately  represented  the  condition  of  the  leg  at 
the  point  of  the  fi'acture  in  question,  and,  as  a  fact,  that  by  the  aid  of 
X-rays  lie  was  enabled  to  see  the  broken  and  overlapping  bones  with  his 
own   eyes,  exactly  as  if,   stripped  of  the  skin  and  tistiues,  they  were 
nncovei-ed  to  the  sight.     We  might,  if  we  so  desired,  rest  our  conclusion 
on  the  general  character  of  the  exception  taken  to  Uiis  testimony,  but  we 
irefei"  to  jdace  it  on  the  ground  that,  verified  as   wiia  this  picture,  it 
'as  altogether  competent  for  the  purpose  for  which  it  was  offered.     New 
a  this  process  is,  experiments  made  by  scientific  men,  as  shown  by  this 
record,  have  demonstrated  its  power  to  reveal  to   the  natural  eye   the 
entire  structure  of  the  human  body,  and  that  ii»  various  parts  can  he 
photogi-apheil,  as  its  exterior  surface  has  been,  and  now  ia" 

It  is  the  opinion  of  some  of  the  judges  of  Massachusetts,  tliat  X-ray 
photographs  are  not  admissible  as  evidence,  coutending  that  as  cold 
S<HeriTific  truttis  they  cjiiinot  l>e  refi;;inU'd  ;»s  ac^'Urate.  No  one  can  jmsi- 
tively  attest  to  the  absolute  correctness  of  the  reproduction.  The  truth- 
fulness of  the  photograph  is  a  matter  of  reasoning.  In  the  Philadelphia 
courts,  the  skiagi'am  is  admitted  as  corroborative  evidence,  provided  that 
it  has  been  executed  by  an  expert  in  the  work  ;  the  same  ruling  is  in  force 
iu  the  English  courts.  In  Nebraska,  the  courts  of  final  jurisdiction  main- 
tain that  skiagnims  must  be  taken  by  competent  persons,  who  must  be 
able  authoritatively  and  indisputably  to  assert,  that  the  appearances 
shown  are  accurate  representations  of  the  part. 

In  a  malpractice  suit,  Carlson  vs.  Benton,  in  a  Nebraska  court,  it  was 
decided  by  the  judge  that  a  skiagram  could  be  introduced  as  evidence, 
despite  the  fact  that  the  skiagrapher  was  not  experienced  in  this  special 
field  of  work. 

In  this  case,  an  X-ray  photograph  of  an  injured  leg,  taken  after  the 
injury  had  been  treated  by  the  defendant,  was  offered  in  evidence.  The 
uncontradicted  testimony  of  three  surgeons  left  no  room  for  a  difference 
of  opinion  as  to  the  accuracy  of  the  photograph,  the  court  maintaining 
that  to  exclude,  under  such  circumstances,  the  ski^ram  as  evidence,  on 
the  ground  that  a  sufficient  foundation  had  not  been  laid,  was  an  abuse 
of  discretion. 

In  medico-legiil  ciises  the  X-rays  are  of  inestimable  value  to  the  phy- 
sician or  surgeon  in  sustaining  a  diagnosis,  to  the  patient  who  is  Insti- 
tuting the  suit,  and,  lastly,  and  probably  most  imi>ortaiit,  to  the  judge 
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and  jurj',  to  whom  medical  terms  and  expressions  are  often  so  wholly 
unintelligible.  A  skiagram  of  good  *^ definition"  can  be  fairly  well 
interpreted  by  the  average  layman,  and  it  will  often  assist  an  attorney  in 
determining  whether  a  case  should  be  compromised  or  carried  to  court. 

The  courts  are  always  disposed  to  permit  an  exposition  of  scientific 
methods  that  will  elucidate  the  intricate  questions  submitted  for  judg- 
ment. In  certain  tribunals,  where  the  skiagram  is  rigorously  excluded, 
fluoroscopic  examinations  in  the  presence  of  the  judge  and  jury  are 
permitted,  and  the  knowledge  gained  therefrom  is  counted  as  evidence. 

The  physician  or  surgeon  (and  this  applies  especially  to  the 
beginner)  should  always  be  guarded  in  expressing  a  positive  opinion,  as 
to  the  results  that  maj^  be  expected,  after  a  difficult  fracture,  such  as  one 
involving  the  elbow,  or  the  likelihood  of  the  absence  of  deformity  in  a 
fractured  clavicle,  or  the  prevention  of  limping  after  fracture  of  the 
femur,  etc.  In  any  case  where  serious  deformity  and  inconvenience  may 
or  may  not  result,  that  physician  is  wisest  who  ventures  only  the  truth, 
explaining  the  probable  results  and  informing  the  sufferer  and  his 
friends  that  he  will  do  the  very  best  he  can  under  the  circumstances. 
In  those  cases  where  one  is  quite  sure  of  a  correct  diagnosis,  and  the  plan 
of  treatment  is  the  one  customarily  followed,  a  prognosis  may  be  given 
with  a  reasonable  degree  of  certainty.  All  prognoses  may  be  rendered 
slightly  more  favorable  when  the  general  condition  of  the  patient  is 
good  and  there  is  an  absence  of  any  complicating  conditions. 

In  certain  cases,  the  lines  of  treatment  pursued  may  be  perfectly 
proper,  but  if  the  patient  is  subject  to  the  misfortune  of  having  other 
maladies,  as  epileptic  seizures,  he  may,  by  falling,  cause  a  displacement 
of  a  properly  reduced  fracture,  in  which  case  the  attending  physician  or 
surgeon  is,  of  course,  not  held  responsible. 

B.  Technic  of  Medico-Legai.  Skiagraphy. 

The  technic  in  these  cases  demands  special  care,  so  that  the  negative 
shall  be  sharp  and  clear.  It  is  not  only  advisable,  but  admissible  in 
many  of  the  courts,  to  have  a  detailed  history  of  the  case  jotted  down, 
the  health  of  the  patient  prior  to  the  injury,  the  time  and  the  manner 
in  which  the  accident  occurred,  and  the  method  of  treatment  pursued ; 
as  well  as  the  character  and  location  of  any  marks  on  the  patient's 
body,  the  length  of  time  that  they  remained,  etc. 

The  condition  of  the  heart,  lungs,  and  other  organs  after  the 
accident  must  not  be  overlooked.  First,  the  patient  should  be  most  care- 
fully examined  in  a  darkened  room  by  means  of  a  screen  or  fluoroscope, 
in  such  a  manner  that  he  and  his  attendants  may  not  observe  the  result 
obtained  by  the  examination.  The  examiner  should  never  be  alone  when 
examining  the  patient,  but  should  preferably  have  a  physician  or  surgeon, 
or  another  X-ray  expert,  to  verify  the  facts  observed.     The  information 


.178  KLECTRO-THKRAPEUTICS. 

thiis  g)iiiieci  shimlil  remain  secret.  Following  lliu  tiuurosdopki  i^xaiui-  ; 
nation,  a  skiagram  sbotiM  be  taken  ami  develoi>ed  later,  so  tlml  a  weopd  .1 
m  of  the  injury  may  be  preserved.  Two  plates  slioiild  be  placed  one  on  top  , 
of  another,  bo  that  two  negatives  Djay  be  had  for  future  reference.  ' 
Occasionally  a  plate  is  spoiled  during  developing,  and  thu  patient  r^ttuva 
to  nndergo  a  second  examination ;  still  the  exiiminer  has  in  his  possteesloo 
I  a  good  record  of  tlie  case.  The  plate  should  always  be  placed  in  posit  ion  ' 
in  the  presence  of  a  witness,  and  it  should  have  a  mark  upon  it,  such  aa 

I      a  key,  ring,  or  letters,  so  that  the  operator  may  be  able  to  identify  the 

.'      part  or  side  from  which  the  negative  was  taken.    The  record  should  be   . 

\      kept  in  a  book,  togetiter  with  the  history  of  the  case  and  a  detailed 
J'     account  of  the  time  of  esposure,  the  distance  of  the  tube,  the  number  of  ' 
y      amperes  and  voltage  of  current  used,  the  kind  of  apparatus  employe4!.    \ 
etc.     Negatives  of  the  part  should  always  be  produced  from  directly 

',     opposite  points  of  view,  and,  where  possible,  the  injured  and   corn;--    ' 
sponding  normal  i>arts  shonld  be  carefully  skiagrapbcd  for  purposes  of 
comparison.     After  developing  the  plate,  no  information  regarding  it 
■hoiiLd  Iw  imparted  except  to  coniisel  or  the  attending  physician. 

The  n^atives  should  be  prepared  prior  to  going  to  cunrt.  To 
render  tfaem  more  intelligible  to  tlie  judge  and  jury,  the  names  of  the 
bones  Men,  e(0^,  should  be  written  on  them,  whether  right  or  left,  lateral. 
aQtero-posterior,  etc.  An  arrow,  or  other  mark,  should  be  on  the  I 
negatlTe,  to  elucidate  the  seat  of  fracture,  dislocation,  or  other  injury,  ! 
and  also  the  date  of  its  taking.  Under  no  eircnmstanees  shonld  any  other 
mark  be  placed  on  the  negative. 

The  injured  and  corresponding  uninjured  parts  should  be  printed 
and  mounted  side  by  side.  The  printing  shonld  bo  of  equal  and  nniform 
density,  and  npon  it  may  be  written  any  points  that  may  be  of  value  to 
the  judge,  jury,  etc.,  as,  for  instance,  the  diagnosis  of  the  case  in 
question.  Occasionally  a  tracing  upon  the  print  is  permitted  by  the 
lawyer  for  the  defendant. 

C.  How  THK  Skiageapher  should  pkepabe  for  Court. 

When  the  X-ray  witness  is  called  to  conrt,  it  is  important  that  he 
prepare  himself  thoroughly  with  the  anatomy,  physiology,  and  pathology 
of  the  part  involved.  He  should  hold  a  con.snltation  with  the  medical 
or  surgical  expert  who  has  employed  his  services.  In  this  way  a  correct 
opinion  of  the  case  can  be  imparted.  The  skiagrapher  should  have  with 
him  the  negatives  and  prints,  the  result  of  his  X-ray  ezami nation,  to- 
gether with  a  set  of  bones  of  the  part  nnder  consideration.  When  on 
the  witness  stand,  he  should  be  careful  and  accunite  in  his  statementB. 
In  order  that  the  jury  may  fully  comprehend  the  statements  uttered, 
bis  answers  should  be  as  free  from  medicid  terms  and  technicalities  ai 
possible.  Answers  should  always  be  brief  and  to  the  point  The  witnat  j 
under  cross-examination  should  not  lose  his  temper;  instead,  he  shooM     i 
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make  every  effort  to  reDiain  calm  and  self-composed.  Construct  your 
answers  according  to  the  findings  on  the  X-ray  negative.  If  asked  to 
answer  questions  irrelevant  to  the  subject  under  discussion,  or  that  do  not 
relate  to  the  findings  on  the  negative,  the  skiagrapher  should  simply 
answer,  "I  don't  know." 

In  our 'present  knowledge  there  are  many  things  that  defy  a  correct 
interpretation  on  the  negative,  and  we  must  frankly  admit  that  fact. 

When  selected  as  an  expert  witness,  the  skiagrapher  should  direct  the 
attorney  employing  his  services,  to  inquire  as  to  the  technic,  data,  etc., 
employed  in  the  production  of  the  X-ray  negative,  and  the  physician  who 
made  the  Is^tter  should  be  cross-examined,  and  not  the  attending  surgeon. 
The  subject  of  a  differential  diagnosis  should  always  be  brought  forward. 

The  following  are  some  of  the  claims  made  by  plaintiffs : 

That  the  physician  or  surgeon  failed  to  properly  diagnose  the  case. 
That  the  attendant  delayed  too  long  in  the  reduction  of  an  unrecognized 
dislocation  or  fracture,  thus  seriously  inconveniencing  the  patient  and 
preventing  his  earning  a  livelihood.  That  by  tardiness  in,  or  total  neg- 
lect of,  reduction,  temporary  or  permanent  disability  has  resulted  in  a 
joint.  That  ankylosis,  neuritis,  or  palsies  have  been  caused  by  splint 
pressure,  or  that  irreparable  damage  has  been  the  outcome  of  callus  for- 
mation in  the  distribution  of  an  important  nerve  trunk.  The  foregoing 
claims  may  be  prevented  if  the  physician  makes  it  a  practice  to  have 
early  and  skilful  skiagrams  of  his  cases,  if  he  gives  guarded  prognoses 
in  all  oases,  and  is  careful  and  scientific  in  his  methods  of  treatment.  "  If 
a  physician  or  surgeon  departs  from  the  generally  approved  methods  of 
practice,  and  the  patient  suffers  an  injury  thereby,  the  medical  prac- 
titioner will  l>e  held  liable,  no  matter  how  honest  his  intentions  or 
expectations  were  to  benefit  the  patient"  (Taylor). 

The  use  of  the  X-rays  is  so  universally  commended  in  the  modern 
works  on  surgery  and  medicine,  that  the  surgeon  who  fails  to  apply  them 
in  doubtful  cases,  may  justly  be  accused  of  negligent  practice.  In 
medico-legal  cases,  the  X-ray  diagnostician  is  likely  to  be  asked  the 
following  questions : 

1.  Does  the  skiagram  show  fractures  in  all  cases  in  which  they  exist! 
This  question  may  be  answered  thus,  not  only  will  a  fracture  be  shown  in 
almost  all  cases,  but  the  texture  of  the  bone  and  the  relative  densities 
of  the  surrounding  parts  will  also  be  shown,  and  any  disturbance  in  the 
texture  will  be  noticed.  Rupture  of  ligaments,  i)eriosteum,  and  tendons, 
diseased  conditions  of  the  bones,  etc.,  may  also  be  observed,  but  cannot 
be  excluded. 

2.  Does  the  skiagram  show  callus  formation  f  Yes,  it  may  be  seen 
from  the  sixteenth  day  after  the  fracture,  and  up  until  the  time  of  ossi- 
fication, which  may  be  as  late  as  three  months  from  the  time  of  the 
accident.  The  duration  of  this  callus  formation  varies,  according  to 
the  age  and  health  of  the  patient,  whether  the  fracture  is  simple  or 


ibaiiS,  ittiocation,  etc.     When  the  Iwiiesaiv  in  perfect  apposino^^ 

■>       I  formatiuii  will  be  ha-steued.     Massage  will  also  fncilitaU.*  its  pr<Mluc- 

I.     It  will  be  aefii  from  the  foregoing  that  it  is  not  always  easy  to 

let  how  long  it  will  be  before  callus  will  be  strong  enough  1u  suii- 

the  parts,  but  by  HkilAil  X-ray  examinntioos  the  amount  and  density 

che  callns  may  be  determined. 

3.  Another  question  often  stsked  is,  '"Is  the  fraeture  united  or  nut  I" 
The  answer  to  this  qnestion  will  depend  npon  the  age,  general  health, 
local  complications,  aud  mode  of  treatment  employed.  By  prefising  up(m 
the  bones  and  at  the  same  time  viewing  thi-ough  the  fiuoroseoi«',  we 
can  tell  definitely  whether  union  is  firm,  and  by  means  of  the  skiagraph 
we  cau  tell  the  amount  of  callus. 

4,  In  ca^s  of  deformity,  we  may  be  confronted  by  the  questioo, 
"Wna  this  deformity  avoidable  or  not  J"  The  avoidable  cases  are  thow 
■^suiting  from  au  incorrect  diagnosis  on  the  i»art  of  the  surgeon,  or  an 

iproper  line  of  treatmeut.  The  unavoidable  cases  are  those  of  oIili((ne 
iscture  where  the  over-riding  of  the  bones  cannot  be  prevented  ;  extra- 
r^r  intra- capsular  fracture  of  the  heiid  of  the  femur  in  the  aged,  where 
horteuing  is  inevitable;  in  compound  comminuted  fractures,  where  it 
IS  necessary  to  wire  the  ends  of  the  bones,  resulting  in  ehorteniug  ;  and 
u  intra- articular  frat'tures  often  terminating  in  ankylosis  of  the  joint. 

Functional  disability  and  the  degree  of  visible  deformity  do  not 
bear  any  definite  relation  to  ciich  olhcr,  a.--  the  licl'orniity  may  l>e  great, 
but  the  patient  nevertheless  have  good  use  of  the  part,  and  vux  versd. 

It  is  sometimes  necessary  for  purposes  of  identification  to  reveal  the 
age  of  the  patient  or  of  the  dead  body,  or  to  tell  the  age  of  a  female 
child,  as  in  cases  of  rape,  etc 

Advaat^e  is  taken  of  the  fact  that  the  epiphyses  of  tlie  various  bones 
are  known  to  ossify  at  different  ages,  and  by  making  X-ray  ezaminationa 
of  the  bones,  and  knowing  at  what  period  ossification  takes  place,  an 
approximate  estimate  of  the  age  of  the  individual  may  be  determined. 
The  age  of  a  fcetus  cau  also  be  discovered  by  this  means.  The  hydro- 
static test  for  the  determination  of  still-born  infants  may  be  corroborated 
by  the  X-rays,  as  the  lungs  will  appear  opaque  if  they  have  never  been 
inflated,  whereas  if  the  infant  has  been  viable  for  some  time,  tbey  will 
present  more  transparency,  Asau  evidence  of  the  existence  of  death, 
the  X-rays  play  an  important  part.  After  death,  the  pulsatioa  of  the 
heart  is  invisible  and  the  organ  presents  a  sharp  outline.  This  will 
comfort  those  who  are  in  constant  terror  of  premature  burial. 

In  February,  1899,  Dr.  J.  William  White,  Chairman  of  the  Medico- 
legal Committee  of  the  American  Surgical  Association,  sent  a  circular 
letter  to  each  of  the  members  svsking  replies  to  the  following  queetiau 
concerning  the  value  and  medico-legal  relationship  of  the  X-rays: 

1.  Have  you  found  skiagraphy  reliable  in  the  diagnosis  of  («) 
fractures  attended  with  so  much  swelling  of  surrounding  (issues  thit 
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satisfactory  palpation  of  the  fragmente  is  impossible!  (b)  Fractures 
about  joints!  (c)  Epiphyseal  separations!  (d)  Fractures  of  the  neck 
of  the  femur!  (e)  Ununited  fractures!  If,  in  any  of  the  cases  belong- 
ing to  one  or  the  other  of  these  classes,  the  skiagraph  was  misleading,  we 
would  like  particularly  to  have  a  print  of  it  and  the  clinical  history  of 
the  case. 

2.  Have  you  any  reliable  cases  of  recognition  of  (a)  fracture  of 
the  base  of  the  skull!  (b)  Fracture  or  dislocation  of  the  vertebr®! 
(c)  Fracture  of  the  sternum,  scapula,  clavicle,  or  pelvis  ! 

3.  Do  you  know  any  of  the  cases  in  which  the  testimony  of  the 
skiagraph  in  cases  of  supposed  foreign  bodies  in  tissues,  or  of  tumors, 
gall  stones  or  kidney  stones,  has  led  to  ineffective  or  mistaken 
operations  ! 

The  conclusions  arrived  at  ar'e  succinctly  stated  as  follows:  '*The 
routine  employment  of  the  X-rays  in  cases  of  fracture  is  not  at  present 
of  sufficient  definite  advantage  to  justify  the  teaching  that  it  should  be 
used  in  every  case.  If  the  surgeon  is  in  doubt  as  to  his  diagnosis,  he 
should  make  use  of  this,  as  of  every  other  available  means,  to  add  to  his 
knowledge  of  the  case,  but  even  then  he  should  not  forget  the  grave 
possibilities  of  misinterpretation. 

''There  is  evidence  that  in  competent  hands  plates  may  be  made  that 
will  fail  to  reveal  the  presence  of  existing  fractures  or  will  appear  to  show 
a  fracture  that  does  not  exist. 

''  In  the  regions  of  the  base  of  the  skull,  the  spine,  the  pelvis,  and 
the  hips,  the  X-ray  results  have  not  as  yet  been  thoroughly  satisfactory, 
although  good  skiagraphs  have  been  made  of  lesions  in  the  last  three 
localities.  On  account  of  the  rarity  of  such  skiagraphs  of  these  parts, 
special  caution  should  be  observed,  when  thej^  are  affected,  in  basing 
upon  X-i'ay  testimony  any  important  diagnosis  or  line  of  treatment. 

*'As  to  questions  of  deformity,  skiagraphs  alone,  without  expert 
surgical  interpretation,  are  generally  useless  and  frequently  misleading. 
The  appearance  of  deformity  may  be  produced  in  any  normal  bone,  and 
existing  deformity  may  be  grossly  exaggerated. 

'*It  is  not  possible  to  distinguish  after  recent  fractures  between  eases 
in  which  perfectly  satisfactory  callus  has  formed  and  cases  which  will  go 
on  to  non-union.  Neither  can  fibrous  union  be  distinguished  from  union 
by  callus  in  which  lime-salts  have  not  yet  been  deposited.  There  is 
abundant  evidence  to  show  that  the  use  of  the  X-raj^s  in  these  cases 
should  be  regarded  as  merely  the  adjunct  to  other  surgical  methods,  and 
that  its  testimony  is  especially  fallible. 

"The  evidence  as  to  X-ray  burns  seems  to  show  that,  in  the  majority 
of  cases,  they  are  easily  and  certainly  preventable.  The  essential  cause  is 
still  a  matter  of  dispute.  It  seems  not  unlikely,  when  the  strange  suscepti- 
bilities due  to  idiosyncrasj'  are  remembered,  that  in  a  small  number  of  cases 
it  may  make  a  given  individual  especially  liable  to  this  form  of  injury. 


ELEtTRO-THKUAPEUTICS. 

Me  rcGognitinii  of  foreign  bodies  the  akiii^mpti  u  of  the  very 
greatest  value  ;  in  their  localization  it  has  OLcasiuniiUy  failed.  The  mis- 
takGH  recorded  ill  th«  former  case  should  easily  have  Iwen  avoided;  in 
the  latter  they  iire  hecoiuing  leas  and  less  frequent,  and  by  the  employ- 
ment of  accurate  inatheniatieal  methods  can  probably  in  time  be  elimi- 
nated. In  the  meanwhile,  howe\'er,  the  tnu-geon  who  bases  an  important 
operation  on  the  loenlizatiou  of  n  foreign  body  bnried  in  the  tissnes 
should  remember  the  poBsibility  of  error  that  stilt  exists. 

•'  It  hiis  not  seemed  worth  while  to  attempt  a  review  of  the  situation 
from  a  strictly  legal  standpoint,  an  ditlerent  states  and  different  jiidges 
vary  in  their  interpretation  of  the  law.  The  eviilence  shows,  however, 
that  nnder  many  dltfering  circumstances  the  skiagmph  will  undoubtedly 
be  a  factor  in  medico- legal  cjtses. 

"The  Icchniialities  of  its  pniduction,  the  maoipnlatiou  of  the  apjKi- 
ratos,  etc.,  are  already  in  the  hands  of  specialists,  and  with  that  subject 
also  it  has  not  seemed  worth  while  to  deal.  It  is  eiiruestly  recommended 
that  the  surgeon  should  so  familiarize  himself  with  the  appearance  of 
skiagraphs,  with  their  distortions,  with  the  relative  values  of  their 
shadows  and  ontlines,  u3  to  be  himself  the  judge  of  their  teachings,  and 
nut  depend  upon  the  interpretation  of  others,  who  may  lack  the  wide 
experience  with  surgical  injury  and  disease  necessary  for  the  correct 
reading  of  these  jdctures."  ' 

Willi  the  exci'ptioi!  of  the  statcmcnl.-;  that  .skiagrams  of  fractuiv  of 
the  t>ase  of  the  skull  are  unsatisfactory,  and  that  the  detection  of  callus 
formation  and  fibrous  nnion  in  recent  fractures  is  not  always  possible, 
there  are  few,  if  any,  surgeons  who  to-day  would  endorse  any  such 
coDClosions.  More  exact  methods  of  study  and  interpretation  of  aega- 
tives,  and  greater  refinements  in  the  necessary  technic  have  made  X-ray 
examinations  and  applications  invaluable  aids  in  medicine  and  surgery. 
The  very  men  who  in  1899  ascribed  doubtful  value  to  the  X-rays  are 
to-day  its  stanchest  supporters ;  indeed  the  judge  and  jury  will  frown 
upon  a  practitioner  for  negligence  who  has  failed  to  avail  himself  of  this 
most  precise  and  scientific  method  in  any  case  of  doabtful  diagnosis, 
where,  through  its  agency,  practical  results  might  have  been  procured. 

II.  The  Physician's  Responsibility  in  Cases  of  X-Ray  Burns. 

X-ray  burns  are  divided  into  two  great  classes :  Those  produced 
during  an  examination  for  diagnostic  purposes  and  those  brought  about 
by  irradiation  for  thcrapensis.  Shortly  after  the  discovery  of  the  X-rsys, 
the  use  of  this  agent  in  diagnosis  was  not  infrequently  followed  by  a  d«v 
matitis,  the  result  of  inadequate  apparatus,  fewer  refinements  in  technic, 
and  a  limited  experience  in  the  application  of  the  new  agent.  But  in 
spite  of  these  various  factors,  the  most  successful,  the  most  skilled,  and 
'  The  American  Journal  of  the  Medical  Sciences,  July,  1900. 
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the  most  earnest  student  of  the  X-rays,  with  the  best  and  most  modern 
apparatus,  is  liable  at  times  to  produce  a  dermatitis,  for  who  can  say 
which  of  us  are  victims  of  idiosyncrasy,  or  who  knows  the  exact  nature, 
chemical  and  otherwise,  of  the  X-rays  ! 

When  a  patient  applies  for  X-ray  treatment,  the  skiagrapher  should 
mention  the  possibility  of  a  burn,  and  he  should  either  administer  the 
treatment  himself  or  have  it  given  under  his  direct  supervision. 

With  idiosyncrasy  and  no  exact  measurement  of  dosage,  the  X-ray 
specialist  who  follows  the.  established  rules  laid  down  by  his  confreres, 
and  by  experience,  is  taking  the  safest  and  the  onl}^  rational  coui'se. 

This  subject  is  best  treated  of  by  a  recital  of  the  more  important 
cases  wherein  damages  have  been  asked  by  the  complainant,  urging  care- 
lessness, negligence,  or  incompetency  upon  the  part  of  the  radiologist. 

In  a  suit  against  Dr.  Samuel  Lloyd,  of  the  Post-Graduate  Hospital, 
the  patient  vxis  warned  of  the  danger  of  a  hum.  Two  radiographs  were 
taken,  when  a  diagnosis  of  appendicitis  was  made.  Later  the  patient 
complained  of  an  X-ray  burn  prior  to  the  operation.  The  oi)eration  dis- 
closed an  appendicitis  of  an  advanced  type.  The  suit  was  to  recover 
$50,000  damages  for  the  "  burn."  The  contention  of  the  defence  was  that 
the  dermatitis  from  which  the  plaintiff  suffered  came  fix)m  the  antiseptic 
preparation  for  the  operation  for  appendicitis,  and  not  from  the  rays. 
The  case,  however,  never  came  to  trial. 

In  October,  1897,  Dr.  Frank  Boyd*  was  made  the  defendant  in  a 
damage  suit  for  producing  a  severe  dermatitis  with  the  rays,  the  plain- 
tiff averring  that  carelessness  was  largely  the  cause  of  the  dermatitis,  as 
well  as  au  insufficient  understanding  of  the  rays  at  that  early  period 
of  their  employment.  The  verdict  rendered  was  in  favor  of  the 
defendant,  the  court  holding  that  in  this,  as  in  other  cases,  the  physician 
was  bound  to  use  ordinary  skill  and  judgment,  placing  the  case  upon 
the  same  footing  as  chloroform  anaesthesia. 

In  the  case  of  Henslin  V8.  Wheaton,  the  Supreme  Court  of  Minnesota 
maintains  that  in  an  action  for  negligence  and  unskilfulness,  the  rule  of 
liability  is  the  same  as  that  applied  to  other  actions  for  malpractice,  and 
one  of  ordinary  care  and  prudence.  Being  the  first  case  of  its  kind  in 
Minnesota,  the  judge  remarked  that  no  rule  of  care  in  such  cases  had 
been  laid  down.  But  there  can  be  no  doubt  that  the  rule  applicable  to 
the  Ciire  and  skill  required  of  physicians  toward  their  patients  in  other 
cases  applies.  That  rule  was  stated  in  Martin  r«.  Courtney,  87  Minn.  197, 
in  the  following  language :  ^'The  legal  obligation  of  the  physician  to  his 
patient,  where  his  conduct  is  questioned  in  an  action  of  this  character, 
demands  of  him  no  more  than  the  exercise  of  such  reasonable  care  and 
skill  as  is  usually  given  by  physicians  and  surgeons  in  good  standing." 

The  plaintiff  testified  that  the  exposure  of  his  person  to  the  rays  was 

^  Journal  of  the  American  Medical  Association,  February  12,  1898. 
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for  too  long  a  period  of  time  (30  to  40  mlnotes),  nti<l  lliat  the  tabe  *1»' 
]dM9ed  too  dooe  to  his  body  (two  inohea,  except  at  one  %-isit,  when  it  was 
^•eed  more  distant). 

The  foundation  -was  Mly  laid  for  the  opinion  of  an  expert  touching 
Om  qnestiioiiH  ioTolved  in  the  case.  Bat  the  expert  was  uot  a  physician 
and  florgeon,  and  the  defendant  raised  the  oliJecttoti  tlmt  only  one  was 
qnalifled  to  testify  against  him,  ooder  the  role  prououuced  in  the  case  af 
Martin  vt.  Omirtney,  7B  Hinn.  2S5,  where  it  was  held  that,  in  un  uction 
against  a  pbysioian  or  so^eon  for  malpraotioe,  uuskiirtiluess  in  treat- 
ment being  chained,  the  physician  was  entitled  to  have  the  proprl«'ty  of 
his  treatment  tested  by  physicians  of  the  same  si'houl.  The  trial  cuurt 
applied  tliat  role  to  tliis  case,  bat  the  Supreme  Ooin-t  wiis  of  the  opinion 
thatitoredioontending  that  the  application  of  the  rays  to  the  complain- 
ant was  not  for  the  porpose  of  treating  any  disease  or  ailment  fi-om  which 
he  soifored,  bat  for  the  location  of  a  for^gn  sabfttauce,  thonght  to  he  in 
his  longs  (the  gold  crown  of  a  tooth). 

In  the  Conrtney  ease,  mentioned  above,  it  uras  ronteDded  tliiit  tlM 
l^paratos  for  the  generation  of  the  rays,  likewlKe  the  11iioi-osco|>e.  liiu 
bem  nsed  very  generally  by  electrieians,  physioiBts,  skiagmphers.  phjiu- 
idaos,  and  otiiers  for  cccpetimental  and  demonstrative  pui-poscs.  It  is  a 
soientdfio  and  mechanical  appliance,  tiie  oi>eration  of  which  is  the  same 
in  the  bands  of  all.  It  may  be  applied  by  any  person  possessing  thi>  req- 
nirite  knowledge,  and  there  would  seem  to  be  no  reiison  why  Hh  njipli- 
cation  to  the  baman  body  may  not  be  explaioed  by  any  person  who 
understands  it.  The  rule  in  the  Conrtney  case  could  therefore  have  do 
application  to  the  case  being  tried.  For  in  the  latter,  the  rays  were  not 
applied  as  a  remedial  agent,  but  for  the  Bcientiflc  purpose  of  rtiscoverii^ 
the  presence  of  a  foreign  i^ut>stance  in  the  lungs.  A  physician,  therefore, 
who  applies  the  X-rays,  not  for  medical  purposes,  but  to  locate  a  for- 
eign substance,  ia  not  entitled  to  have  the  question  of  his  care  and  skill 
determined  only  by  the  opinions  of  physicians  of  his  own  schooL 

A  suit  of  nnusnal  interest  has  lately  been  heard  in  the  high  courts. 
A  child  supposed  to  have  run  a  needle  into  his  knee  received  repeated 
X-ray  examinations.  So  needle  was  discovered,  A  severe  X-ray  burn, 
resulting  in  an  ulcer,  appeared  on  the  inner  side  of  the  knee,  which  took 
several  months  to  heal.  The  examinations  were  made  by  a  mecdiantr, 
under  the  supervision  of  a  medical  man  who  had  not  a  practical  knowl- 
edge of  radiography.  It  appears  also  that  be  did  not  recognize  the  nicer 
as  an  X-ray  bom,  but  after  its  formation  continued  his  examinatioiis. 
Discovering  the  cause  of  the  injury,  the  child's  parents  asked  danagei 
for  alleged  neglect  on  the  part  of  the  defendant.  The  trial  lasted  seven 
days.  Assuming  the  truth  of  the  statement  of  the  child's  relatives,  thai 
the  tube  had  been  held  close  to  the  knee  for  periods  of  a  half  hoar,  tbr 
experts  on  one  side  gave  theii-  opinion  that  such  application  duwed 
negligence.     On  the  other  hand  it  was  maintained  that  the  tabe  nerw 
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came  nearer  the  knee  than  eight  or  ten  inches,  and  from  the  radio- 
gi-aphs  produced,  it  was  held  by  experts  that  the  distance  of  exposure 
must  have  been  eight  inches.  The  jury  returned  a  verdict  for  the 
defendants  on  every  count,  finding  that  there  was  no  negligence. 

In  the  United  States  a  suit  was  brought  for  $25,000  damages  against 
Dr.  Otto  Smith  and  Professor  W.  C.  Fuchs,  of  Chicago.*  The  plaintiff, 
aged  37,  broke  his  right  ankle  as  the  result  of  an  accident  on  September 
2,  1895.  He  was  able  to  attend  his  business  on  May  1,  1896,  and  was 
then  practically  as  well  as  ever.  He  only  suffered  from  slight  stiffness 
and  occasional  swelling  in  the  ankle.  On  September  19,  1896,  X-ray 
photographs  were  made,  each  sitting  occupying  from  thirty -five  to  forty 
minutes,  the  tube  being  placed  five  or  six  inches  from  the  ankle.  While 
under  the  exposure  the  patient  complained  of  sharp,  tingling  pains. 
Three  days  after,  a  slight  redness  appeared  between  the  big  toe  and  the 
adjoining  one,  which  in  three  weeks  had  spread  over  almost  the  entire 
dorsum  of  the  foot,  later  forming  a  blister.  An  intensely  pjiinful  ulcer 
formed,  for  which  condition  amputation  of  the  foot  was  performed.  The 
jury  awarded  the  plaintiff  a  verdict  for  $10,000. 

A  rather  remarkable  case  was  that  of  a  man  named  Shelly,  who 
brought  suit  against  Dr.  G.  W.  Spohn,  of  Indiana,  claiming  $10,000 
damages  for  X-ray  burns  upon  his  face  and  left  hand.  The  patient 
was  treated  for  a  cancerous  growth  on  the  under  part  of  his  tongue. 
He  was  warned  of  the  possibility  of  a  burn  before  the  treatment  was 
instituted.  After  two  weeks  a  slight  dermatitis  developed  on  the 
patient's  face,  and  the  treatments  were  then  discontinued.  The  patient 
claimed  that  the  doctor  directed  him  to  hold  down  the  lower  jaw  with 
his  left  hand  during  his  treatment.  It  was  proved  on  trial  that  the 
only  real  injury  was  to  the  hand,  and  this  was  shown  to  be  caused  by 
infection  of  a  wound  on  the  hand.  The  hand  became  infected  because 
the  patient  persisted  in  wiping  the  saliva  from  his  mouth,  against  the 
advice  of  his  physician.     The  court  decided  in  favor  of  the  physician.* 

It  will  be  interesting  to  note  briefly  the  views  entertained  and  the 
verdicts  rendered  by  European  jurists.     A  few  are  subjoined. 

Suit  was  instituted  against  *^Dr.  Sch."  by  a  lady  whom  he  treated 
for  a  beard-like  growth  on  the  chin.'  A  burn  developed,  involving  not 
only  the  chin,  but  also  the  neck  and  part  of  the  chest.  A  verdict  for 
$75  was  found  against  the  doctor.  He  appealed,  to  have  a  truly  compe- 
tent expert  summoned  to  decide,  naming  Schiflf  or  Freund,  of  Vienna. 
He  also  asserted  that  he  was  not  responsible  for  the  devastation  caused 
by  the  burn,  as  it  was  treated  by  other  physicians  who  applied  ichthyol, 

*  A  summary  of  the  case  appears  in  the  American  X-ray  Jounial,  St.  Louis,  Mo., 
May,  1899,  No.  5,  p.  506. 

^  Medico-Legal  Bulletin,  January,  1903. 
3  Allg.  med.  Ct.-Ztg. 
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In  France,  a  trial  heard  before  tlie  Civil  IMbonal  <rf  the  Setne^  ea 
Hardk  8,  1901,  reeolted  in  heavy  damages  for  iqjnry  fidltnring  the  ai^U- 
cation  of  tba  X-nya.*  In  delivwing  Jadgmrat  the  eoort  fimnd  thai; 
Ifadame  Haoqaaire  saffered  from  ostitis  of  the  fenmr,  and  was  refaiiai 
to  Dr.  Bfmanlt  for  an  X-ray  examination.  Three  e^KHona  wece  made} 
the  fint  lasted  for^minntra,  the  second,  vbich  oomined  eight  dajs  latsr, 
otmsomed  for^-flve  minates,  and  the  third,  vhich  was  given  fifteen  daja 
sobseqnently,  occapied  a  daration  of  one  boor  and  a  quarter.  A  tf^ji4 
erythema  iras  noised  before  tine  third  sitting.  The  three  expoattre^ 
vhich  gave  a  negative  diagnosis,  were  followed  by  a  deep  bom  of  Oe 
abdomen  that  necessitated  tnatment  for  two  years.  A  Bdentiflc  report 
of  the  case  was  presented  to  the  court  by  Professor  Brooardcd,  vho 
stated  that  the  operator's  apparatos,  whiob  at  one  time  was  efiUden^ 
had  ontlived  its  nseAtlness,  and  that  he  bad  given  too  long  an  expoeareu 

The  oour^  commenting  npon  the  defective  methods  ouplt^ed, 
obaerved  that  the  defendant  was  called  in  not  as  a  medical  man,  bat 
as  an  dectrical  specialist,  bnt  that,  nevertheless,  his  medical  title  had 
gained  the  confidence  of  his  patients.  A  too  long  ezpasnre  was  ootaiBly 
one  oanse  of  the  accident  The  third  ezposore  of  an  hour  and  a  qoaEtsr 
was  inexcusable,  in  view  of  the  foct  that  the  tissues  had  already  been 
injured  by  a  previous  exposure  a  little  over  half  that  time.  The  cod- 
elusion  of  the  court  was  that  Dr.  Renault  had  committed  a  grave 
professional  error,  and  he  was  ordered  to  pay  5000  francs  damages. 

The  suit  against  Professor  Hoffa,  of  Berlin,  the  famous  ortho- 
pedist, became  widely  known  not  only  because  of  the  prominence  of  the 
defendant,  but  more  so  for  the  complicated  etiology  of  the  injury. 

The  patient  suffered  from  ankylosis  of  his  hip,  presotoably  after 
coxitis,  for  which  he  was  treated  by  the  Bontgen  rays  under  the  super- 
vision of  au  X-ray  specialist.  Altogether  he  was  exposed  six  times. 
No  change  for  the  better  occurring,  the  patient  consulted  Professor 
Hoffa,  who  advised  a  diagnostic  exposure  in  order  to  ascertain  the  con- 
dition of  the  hip-Jniut.  The  distance  of  the  tube  from  the  abdominal 
integument  was  30  cm.,  the  length  of  exposure  twenty-five  minntes. 
Ten  days  later  extensive  dermatitis  set  in,  which  caused  the  patient  fa> 
bring  charges  of  criminal  negligence  in  the  treatment.  Professor  Hofb, 
in  defence,  claimed  that  the  exposure  was  made  according  to  the  prin- 
ciples adopted  by  the  medical  profession,  and  that  fnrthermore  the  sensi- 
tiveness of  the  skin  was  increased  by  the  previous  irradiations.  The 
district  attorney,  afl:er  having  called  upon  an  expert,  who  sustained 
Professor  Hoffa,  dismissed  the  claim. 

■  Gazette  <IeH  Tribuneaux.  March  d,  1901  ;  and  La  Semame  MMicale,  HMCh  IS, 
1901,  So.  6,  p.  xlii. 
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At  present,  by  our  greatly  improved  nieans,  Hofifa  would  not  have 
burned  his  patient,  even  in  spite  of  the  preceding  irritation,  because  he 
would  not  have  been  exposed  for  twenty-five  minutes. 

We  may  safely  expect  that  damage  suits  for  Rontgen-ray  burns, 
caused  during  diagnostic  exposures,  will  become  more  and  more  infre- 
quent. But  with  the  employment  of  the  rays  for  therapeutic  purposes, 
burns  have  now  become  a  rather  common  accident.  In  several  instances 
suits  were  brought  against  physicians  on  the  ground  that  they  did  not  use 
the  necessary  means  of  protection ;  in  most  of  these  cases  the  severe 
character  of  the  diseases  demanded  so  severe  a  treatment  that  burning 
had  to  be  contended  with.  This  fact  alone  is  sufficient  proof  of  the 
perfidious  nature  of  the  suits.  Where  cosmetic  considerations  alone  are 
concerned,  such  heroic  therapy  is  injudicious.* 

A  man  suffering  much  distress'  in  the  early  stage  of  locomotor  ataxia 
was  sent  by  his  physician  to  a  firm  of  chemists  for  treatment  with  the 
X-rays.  The  rays  were  applied  ten  or  eleven  times  and  the  physician 
was  never  present.  The  man  who  administered  the  treatment  often  left 
the  patient  during  the  sitting.  The  machine  emitted  great  sparks  and 
once  or  twice  gave  the  patient  a  shock,  but  being  quite  ignorant  he  made 
no  complaint  to  his  physician.  His  feet  began  to  blister,  for  weeks 
he  suffered  greatly,  and  his  screams  were  such  that  lodgers  left  the 
house.  Eventually,  the  soles  sloughed  off  and  he  became  unable  to 
walk.  He  brought  an  action  for  damages  against  the  firm.  Mr.  Chis- 
holm  Williams,  superintendent  of  the  X-ray  department  of  the  West 
London  Hospital,  was  called  as  a  witness.  He  said  that  it  was  evident 
that  the  plaintiff  had  been  placed  too  near  the  instrument — 12  or  18  inches 
being  the  proper  distance,  not  2  or  3.  In  cross-examination  he  admitted 
that  the  use  of  the  X-rays  is  a  recent  innovation,  and  that  even  physicians 
ai'e  burned  at  times.  The  plaintiflTs  physician  said  that  he  had  never 
administered  the  rays,  and  that  he  had  only  studied  the  subject  from 
books.  He  said  that  he  thoroughly  trusted  the  defendants,  who  had 
often  administered  the  treatment  for  him,  merelj^  telling  them  the  part 
to  which  the  rays  were  to  be  applied.  For  the  defence  it  was  urged 
that  the  defendants  were  not  liable  for  mistakes  of  the  physician.  Wit- 
nesses were  called  to  show  that  it  is  essential  that  a  physician  should  be 
present  as  well  as  the  person  who  administers  the  treatment.  The 
defendants  stated  that  they  had  not  studied  the  properties  of  the  rays  or 
administered  them  from  a  therapeutic  point  of  view.  The  jury  returned 
a  verdict  for  the  defendants. 

Medico-legal  Aspect  of  X-ray  Sterility, — Destruction  of  the  procreative 
capacity  by  means  of  applications  of  the  Rontgen  rays  may  perhaps 

'  Qaoted  from  an  interesting  article  on  "  The  Metiico-legal  Aspect  of  Accidents 
caused  by  the  Rontgen  Rays/'  by  Carl  Beck,  M.D.,  in  American  Medicine,  April  16, 

1904. 

'Journal  American  Medical  Association,  August  10,  1906. 
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pi-ove  of  frequent  occurrence  if  the  use  of  tlie  apparatus  liy  auybody'ami 
everybody  continues  to  be  [)eriiiitt^!tl.  The  matter  was  brought  up  l»y  >L 
Ileiiiiecart  at  the  Kontgen  Bay  Congrefa  recently  held  in  Ilerlin.'  IIh 
advocated  legislation  restricting  t»  physiciaus  the  use  of  the  niys  on  human 
beings,  orgning  that  it  would  be  difficult  to  punish  laymen  in  t)ie  eveat 
of  avoidable  injun,'.  lie  met  with  hearty  support  in  his  (.■oiitentioti. 
and,  on  motion  of  Dr.  Becher,  of  Berlin,  a  resolution  was  adoptt-tl  calling 
upon  physicians  to  emjdoy  only  inedieiil  men  in  X-ray  work,  peiiiliiii; 
legifilalion  on  the  subject. 

A  committee  was  recently  appointed  by  the  Paris  .Vcad^niie  de 
M£dcciue  to  report  on  the  question  whether  the  medical  use  of  the  Root- 
gen  rays  sliould  be  i'«strieted.  They  emphatically  advocate  tltat  thu 
medical  application  of  the  liontgen  rays  should  be  legally  restricted  tit 
dnly  qualified  persons.  Their  conclusions  are  based  on  the  estiLblisfaed 
facts  that  the  medical  use  of  the  Hiuitgen  rayH  may  lead  to  serious  acci- 
dents, and  that  certain  practices  may  prove  a  social  danger,  while,  on 
the  other  hand,  only  qualified  physicians  or  health  oflioers,  or  regularly 
licensed  dentists  (in  the  domain  of  odontology),  are  ea[»al>le  of  interpret- 
ing the  results  obtained  from  the  point  of  view  of  the  diagnosis  and  trea)- 
ment  of  afTections." 


PART  III 

RADIOTHERAPY,   RADIUM,  AND   PHOTOTHERAPY. 


The  invaluable  services  rendered  by  X-rays  in  numerous  affections, 
notably  in  epithelioma  and  other  cutaneous  lesions,  are  too  well  known 
to  need  elaboration.  The  action  of  the  rays  upon  malignant  disease 
of  the  deeper  structures  offers  to  the  profession  less  promise  of  marked 
good  than  in  the  superficial  variety'.  In  tuberculosis,  leukaemia,  and  in 
diseases  and  affections  of  a  systemic  nature,  time  alone  will  be  the  deter- 
mining factor.  As  assertions  without  proofs  must  weaken  any  statement, 
the  following  portion  of  the  work  is  devoted  to  the  therapeutic  action 
of  this  agent,  its  uses,  its  limitations,  its  disadvantages,  from  which 
the  reader  can  glean  more  information  and  arrive  at  more  decided 
conclusions,  than  by  the  recital  of  a  number  of  theories,  that  at  best 
would  be  inexact,  hypothetical,  and  abstract. 


CHAPTER   I 

ACTION  OF  THE  X-RAYS  OX  BACTERIA. 

The  results  obtained  by  investigators  on  the  question  of  the  bacteri- 
cidal x)ower  of  the  X-rays  seem  confusingly  contradictory  in  many  ways. 

There  are  a  number  of  authorities  who,  from  clinical  experience 
with  the  action  of  the  X-rays  on  bacteria,  firmly  believe  that  the  action 
of  the  rays  upon  certain  of  the  micro-organisms  is  in  the  main  detri- 
mental to  their  development,  and  that  destruction  results  from  a  few  or 
more  applications. 

In  3Iarch,  1896,  Dr.  W.  W.  Keen*  reported  the  results  obtained  by 
the  action  of  the  rays  on  the  pink-hued  streptococcus,  bacillus  anthra- 
cosis,  micrococcus  prodigiosus,  yellow  sarcina,  the  tubercle  bacillus,  etc. 
He  Jisserts  that  after  exposures,  first,  for  half  an  hour,  and  then  twice  for 
fifteen  minutes,  neither  lethal  nor  inhibitory  effects  resulted  upon  the 
cultures.  Dr.  Davis,  a  few  months  prior  to  Dr.  Keen's  report,  published 
exactly  similar  results,  the  latter's  report  confirming  what  had  already 
been  stated  bv  Dr.  Davis. 

Berton  ^  reports  that  he  exposed  cultures  of  the  Klebs-Loffler  bacilli, 
on  bouillon,  to  the  action  of  the  X-rays  for  periods  of  sixteen,  thirty-two, 

'  The  American  Journal  of  the  Medical  Sciences. 
2  Bull.  Gen.  de  Therap.  November  8, 1896. 
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and  sixty-four  hours,  but  in  no  instance  was  he  able  to  observe  any 
result  on  the  vital  manifestations  of  the  various  micro-organisms. 

Wittlin,  Wolff,  Grummach,  and  many  others  have  made  exx>eriment8 
on  various  types  of  bacteria,  the  results  on  the  whole  being  negative. 

Muhsam '  reports  that  general  tuberculosis  in  the  guinea-pig  is  not 
affected  by  the  X-rays,  whilst  to  a  certain  extent  a  localized  tubercolosis 
is  hindered  in  its  development. 

Sormani  *  reports  that  he  exposed  numerous  cultures  of  bacteria 
for  six  hours  to  the  action  of  the  X-rays,  at  a  distance  of  from  one 
to  two  inches.  No  alteration  in  the  rapidity  or  mode  of  development, 
in  the  formation  of  gas,  or  in  their  color,  fluorescence,  or  virulence 
was  noted. 

J.  Brunton  Blaikie  *  concludes  that  the  rays  have  no  visible  influence 
on  the  growth  of  cultures  of  the  tubercle  bacillus,  and  that  the  chemical 
constitution  of  diphtheria  toxin,  like  the  delicate  chemical  structure  of 
the  retina,  is  not  affected  by  their  vibrations. 

Gocht*  reports  the  results  of  Minck's  experiments.  In  his  investi- 
gations Minck  found  that  sunlight,  daylight,  and  arc- light  caused  a  weak- 
ened condition,  amounting  to  injury  to  the  bacteria  in  cultures.  He 
exposed  agar  plates  of  typhoid  bacilli  to  the  rays  for  thirty  minutes,  with- 
out any  injurious  effects.  By  these  experiments  he  proved  that  a  fewer 
number  of  typhoid  colonies  developed  on  that  part  of  the  plate  exposed 
to  the  influence  of  the  rays  than  on  that  portion  not  so  exposed.  In 
Minck's  later  reports  he  specifies  that  no  bad  effects  Avere  produced  on 
the  tyi)hoid  bacteria  when  they  were  exposed  to  the  action  of  the  rays 
for  eight  consecutive  hours. 

II.  Kieder*  reports  the  experiments  performed  by  Schultze  and  Beck 
upon  bacteria  with  color -producing  abilities.  The  micro-organisms  wei*e 
planted  in  agar-agar  soil  on  Petri  dishes  and  exposed  from  thirty  min- 
utes to  two  and  a  half  hours  to  tlie  influences  of  the  Rontgeu  rays.  It 
was  shown  that  after  twenty-four  hours'  exposure,  the  bacteria  had  thrived 
quite  considerably,  also  that  those  shielded  by  lead,  from  the  full  actiou 
of  the  rays,  produced  the  same  color  as  those  that  were  subjected  to  the 
full  action  of  the  rays.  In  the  experiments  a  coil  of  12  cm.  spark  length 
was  used,  and  the  tul)e  containing  tiie  bacteria  was  25  cm.  distant  from 
the  source  of  the  rays.  lie  concludes  that  the  rays  are  negative  as 
regards  chromogenic  or  color- producing  effect  of  micro-organisms,  and 
that  they  cause  a  more  rapid  si)orulation  of  the  bacillus  subtilis,  while 
retarding  that  of  the  bacillus  anthracis. 

M'>eie  VereiniiiiT.  d.  Chir.,  lSi)8. 

'(iiurno  <U*llii  v.  h)c.  it.  «Iig.,  May  and  June,  ls%. 

^Tlu'  Scottish  Mniical  and  SurLrirai  Journal,  Mav,  1897. 

*  Furtschrittc  a.  <1.  <  reb.  d.  U:-nt^'enistr.,   !>.  i.,  1S<)7-1S9S,  pajre  'M. 

••Miinchener  niLMl.  W.M'luMisclirift,  1S9S,  No.  4,    101-104. 
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Drs.  Norris  Wolfenden  and  Forbes  Ross  *  condacted  experiments 
with  the  bacillus  prodigiosus.  They  grew  cultures  on  potato,  carrying 
the  same  to  the  fifth  generation.  When  exposed  to  the  rays  for  a  period 
of  sixty  minutes,  there  was  a  great  increase  of  growth  as  well  as  of  the 
pigment  production.  An  18-inch  spark  producing  coil  was  used,  16 
volts,  with  an  amperage  from  8  to  10.  The  culture  was  placed  6  or  8 
inches  distant  from  the  vacuum  tube.  The  same  investigators  observed 
only  very  slight  changes  in  the  protococcus. 

Sabraz^  and  Eivi^re*  report  the  result  of  their  experiments  con- 
ducted with  the  bacillus  prodigiosus.  The  culture  was  placed  15  cm. 
distant  from  the  vacuum  tube,  the  dishes  being  covered  with  black  paper, 
so  as  to  exclude  all  possible  light.  They  observed  no  changes  in  the 
chromogenic  ability  of  the  bacilli ;  the  morphological  characteristics, 
growth  in  particular,  remained  undisturbed  by  a  daily  hour  exposure  for 
20  consecutive  days.  They  also  performed  experiments  with  the  rays  on 
the  heart  of  a  frog  and  also  upon  the  leucocytes,  failing,  however,  to  ob- 
serve any  important  changes  when  the  exposure  lasted  from  20  minutes 
to  one  hour  or  even  longer. 

Schaudinn '  experimented  on  various  types  of  unicellular  organisms, 
showing  that  the  protozoa  differ  greatly  in  their  reaction  to  the  rays. 
These  differences  depend  possibly  on  the  varying  conditions  of  the  nuclei, 
and  on  the  presence  or  absence  of  capsules. 

Dr.  F.  Robert  Zeit,  of  the  North- Western  University,*  gives  the 
result  of  experiments  upon  various  forms  of  micro-organisms,  and  arrives 
at  the  following  conclusions : 

'^Bouillon  and  hydrocele- fluid  cultures  in  test-tubes,  or  non- 
resistant  forms  of  bacteria,  could  not  be  killed  by  the  action  of  the 
rays  after  48  hours'  exposure,  and  at  a  distance  of  20  mm.  from  the 
X-ray  tube. 

"  Suspensions  of  bacteria  in  agar-agar  plates  exposed  for  a  period  of 
four  hours  to  the  rays,  according  to  the  plans  carried  out  by  Eieder, 
were  not  killed. 

'*  Tuberculous  sputum,  even  when  exposed  to  the  Rontgen  rays  for 
six  hours,  at  a  distance  of  from  16  to  22  mm.  from  the  tube,  caused 
acute  miliary  tuberculosis  of  all  the  guinea-pigs  so  inoculated.  Rontgen 
rays  have  no  direct  bactericidal  properties." 

Lortet  and  Grenoud,*  Fiorentini  and  Linaschi,*  report  an  arrest  of 
development  of  the  bacilli  in  the  guinea-pig. 

» Lancet,  1898,  p.  1752. 

* Comptes-rend.  Acad.  d.  Sc.  Paris,  1897,  cxxiv.  p.  979-982. 

'Pfluger*8  Archiv  f.  d.  ges.  Physiologie,  1899  ;   Archives  d* Electricito  Med.,  No. 
80,  1900. 

*  Journal  of  the  American  Medical  Association,  1901,  xxxvii.  p.  1432. 

*  Comptes-rendus,  1890. 
•British  Medical  Journal.  1897. 
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Kie«ler'  ban  reported  quite  elaborately  on  this  subject.  He  used 
Volt'Ohm  tiilie^.  and  a  coil  of  12  inches  (30  cm.;  spark  length.  The 
distance  of  the  anticathode  from  the  cultures  was  four  inches,  and  the 
exjKiHure  was  from  one  to  three  hours.  The  cultures  were  covered  by 
a  leaden  plate  having  a  central  aperture,  so  that  the  exposed  part  might 
lie  readily  compared  with  the  unexposed  area.  An  agar  plate  culture  of 
cholera  vibrio  was  then  placed  in  an  incubator  kept  at  a  temperature  of 
37®  C  after  it  had  been  exposed  to  the  action  of  the  rays  for  forty-five 
minutes.  In  the  incubator  was  also  placed  a  control  culture  plate,  which 
had  not  been  exposed  to  the  rays.  On  the  exposed  plate,  the  colonies 
were  markedly  fewer  in  number  than  on  the  unexposed  plate.  Similar 
experiments  were  made  with  gelatine  cultures  of  the  bacterium  coli, 
staphylococcus  pyogenes  aureus,  streptococcus,  bacilli  of  anthrax,  and 
other  bacilli.  The  tubercle  bacilli,  in  meat  extract,  glycerin,  and  solution 
of  peptone,  were  similarly  afifected. 

In  conse<iuence  of  the  bactericidal  action  of  the  Eontgen  rays  on 
plate  cultures,  he  made  further  experiments  on  animals.  Mice,  rabbits, 
and  guinea-i)igs  were  inoculate<l  with  the  bacilli  of  anthrax,  streptococcus, 
and  staphylococcus,  and  directly  after  injection  they  were  subjected  to 
action  of  the  rays.  The  results  being  negative,  he  believed  that  the  rays 
have  no  effect  on  acute  infectious  processes. 

In  order  to  study  its  action  in  chronic  affections,  Rieder  experi- 
mented on  animals  with  tubercle  bacilli.  After  subjecting  them  to  the 
action  of  tb(3  ravs,  necrotic  destruction  of  the  skin  was  observed.  This 
canic*  on  vci  y  K'"i<^^i<i'lly?  remained  for  a  considerable  period  uualteivd, 
and  showiHl  little  or  no  Ic^ndency  to  extend.  The  aflV^cted  skin  was  covered 
with  scabs,  and  siij^lil  swelling  and  encapsulation  of  the  tul)erculous  foci 
wcrc^  likewise  olwerved.  In  the  control  cases,  the  skin  showed  the  pres- 
encc»  of  ulcers  as  if  made  by  a  thermocautery,  and  these  had  a  decided 
t<*n(lency  to  increjusi*  in  area.  Diseiuse  of  the  internal  organs  set  in 
later,  in  thos(»  animals  which  had  been  exposed  to  the  niys.  That  lociil 
tuberculosis  was  arrestcul  by  the  rays,  and  in  many  cases  the  general  in- 
fection letaided,  was  j)roved  conclusively,  but  nevertheless  all  the  animals 
succumbed. 

K*i<Ml(M'\s  experiuKMits  proved  that  the  bacteria,  when  grown  on  agar- 
agar,  blood  serum,  or  gelatine,  were  killed  when  exi)osed  to  the  action  of 
the  rays  tor  one  hour  or  more.  When  bacteria  developed  in  suitable  media 
<»utside  of  the  body,  their  ability  to  develop  further  can  be  stopped,  or  at 
h'ast  discontinued  to  a  degree*,  or  even  killed,  by  exposing  them  to  the 
ai'tion  of  Ww  ravs.     He  i)roceeds  to  sav  that  it  mav  be  unnecessarv  to  kill 

«  A  ft  t-  % 

the  \aiious  bacteria  inhabiting  the  human  body,  but  only  to  inhibit  their 
growth  and  reprtuluction. 

'  Minicli.inr.l.  Woilu'iisilirift,  ISOS,  N(>.4,S.  101;  an<l  No.  25,8.773  ;  18W,  No.  10; 
Hn«l  N«i.  'J\K  S.  'JM\. 
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In  experiments  on  developed  germ  colonies  he  found  that  cholera 
micro-organisms  were  killed  after  they  had  been  exposed  to  the  rays  for 
a  period  of  two  hours  or  longer.  Gelatine  cultures  of  the  bacillus  coii, 
which  had  previously  been  in  an  incubator  for  from  12  to  24  hours  and 
then  subjected  to  the  rays,  showed  colonies  in  the  exposed  portion  of 
the  dish  which  proved  to  be  quite  as  large  as  those  which  were  pro- 
tected during  the  exposure  from  the  influence  of  the  i^ays,  though  they 
were  diminished  in  number. 

In  another  experiment  Rieder  employed  eight  dishes  of  extract  of 
beef,  glycerin,  and  peptone  solution,tprepared  with  a  thin  layer  of  new 
tubercle  bouillon  culture,  exposing  four  dishes  to  the  rays  for  a  period  of 
a  little  over  an  hour.  These  dishes  together  with  those  non-exposed  were 
placed  in  an  incubator  at  a  temperature  of  37°  C.  One  week  following 
he  observed  a  luxuriant  growth  of  the  tubercle  bacilli  in  the  unexposed 
dishes,  and  in  three  of  the  exposed  dishes  he  observed  a  diminished 
growth,  while  in  the  fourth  dish  there  wsis  hardly  any  growth  at  all 
discernible. 

Eudis- Jicinsky '  states  that  his  results  are  similar  to  those  of  Eieder, 
hence  he  also  favors  the  theory  that  the  X-rays  have  a  destructive  action 
upon  various  bacteria.  In  the  following  table  are  to  be  seen  the  results 
he  has  obtained. 

Under  X-Ray  Ihradiation.  Media. 

acid.  alkaline. 

Bacillus  anthracis Negative,  Negative. 

Bacillus  tuberculoHis  (in  sputum) Deetroyeil  in  48  minutes,  Negative. 

Bacillus  tuberculosis  (in  flask) Destroyed  in  50  minutes,  Growth  accentuated. 

Spirillum  cholene  (in  flask) Destroyed  in  51  minutes,  55  minutes. 

Bacillus  diphtherise  (in  flask) Destroyed  in  46  minutes,  48  minutes. 

Bacillus  typho-abdorainalis Destroyed  in  45  minutes,  49  minutes. 

Streptococcus .* Negative,  Negative. 

Staphylococcus Negative,  Negative. 

Micrococcus  pyogenes  albus Negative,  40  minutes. 

Micrococcus  gonorrhoeie Destroyed  in  35  minutes,  40  minutes. 

The  destruction  of  bacteria  in  cultures  studied  by  careful  observ- 
ers, if  not  due  to  the  direct  action  of  the  rays,  is,  he  believes,  brought 
about  by  electrical  wave  discharges.  The  effect  of  the  X-rays  on  micro- 
organisms in  tissues  endowed  with  life,  is  at  present  an  unsettled  question. 
It  is  admitted  that  the  effects  here  are  different  from  those  upon  bac- 
teria in  cultures.  That  there  is  a  decided  effect  upon  streptococci, 
staphylococci,  and  certain  other  pus-producing  organisms  when  in  living 
diseased  tissues  cannot  be  doubted. 

In  the  treatment  of  abscess,  frequent  iri'adiations  cause  the  discharge 
to  become  sero-fibrinous  in  character,  and  greatly  relieved  of  bacteria, 

*  New  York  Medical  Journal,  Ixxiii.,  1901,  pp.  364-385. 
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with  a  consequent  decrease  ni  the  virulence.  This  proves  that  the 
X-rays  must  have  an  eflect  upon  the  bacteria  when  imbedded  in  living 
tissues.  Practically  similar  results  may  be  observed  in  a  sni>ei'ficial 
ulcer,  which  upon  close  microscopical  examination  shows  the  gradual 
disappearance  of  the  pus  micro-orgauisma.  Ullman,  Sambnc,  Mougour, 
and  many  others  seem  to  be  of  one  opinion,  that  t!ie  rays  cause  a  phagocy- 
tosis ;  but  it  is  now  generally  believed  that  the  rays  produce  au  electro- 
chemic  snbatance  (an  antiseptic)  in  each  ami  everj'  cell,  which  destroys 
the  germs  and  aids  in  the  healing  process. 


CHAPTER  II 

THE   HISTOLOGICAL    CHANGES    INDUCED   BY   THE  ACTION 

OF  THE  EONTGEN  BAYS. 

Among  those  who  have  studied  most  carefully  tissue  changes  the  re- 
sult of  the  action  of  the  rays  are  Gilchrist,  Oudin,  Barth^lemy  and  Dar- 
ier,  Unna,  Gassmann,  Salamon,  Scholtz,  and  many  others.  Dr.  Kibbe, 
of  Seattle,  perhaps  the  first  investigator  to  report  authentically  upon 
this  subject,^  relates  the  histological  changes  occurring  in  a  piece  of 
inflamed  and  discolored  skin,  removed  without  the  aid  of  local  ansBS- 
thesia ;  the  outer  layers  of  the  skin,  i.  e.,  the  rete  mucosum,  presented  the 
most  striking  alterations,  particularly  in  the  nuclei ;  the  latter  were  ob- 
served to  take  hfiematoxylin  and  lithium  carmin  very  feebly,  and  showed 
in  addition  a  peculiar  granularity,  first  indicated  by  the  formation  of  a 
fine  nucleolus,  which  was  seen  here  and  there  in  the  process  of  division. 

Near  the  stratum  granulosum,  the  bodies  of  the  cells  were  apparently 
becoming  converted  into  keratin  hyalin,  as  a  first  step  to  the  increase  in 
bulk  of  the  stratum  granulosum,  by  a  development  in  their  interior  of 
coarse  granules,  staining  deeply  with  hsematoxylin  and  also  with  carmin. 
The  corium  exhibited  the  ordinary  changes  found  in  mild  dermatitis, 
— i.  €,,  capillary  dilatation,  with  collections  of  round  cells  scattered 
throughout  its  structure,  particularly  around  the  hair  follicles.  No 
blood  extravasations  in  any  of  the  specimens  had  been  noted  under  the 
miscroscope  or  macroscopically. 

Gilchrist*  gives  the  results  of  his  examination  from  dry,  red,  exfoliat- 
ing dermatitic  areas.  His  report  is  as  follows  :  **Two  portions  of  skin 
were  removed  for  microscopical  study,  on  the  first  day.  One  portion  was 
removed  from  the  dorsum  of  the  phalangeal  region  of  the  third  finger, 
and  the  other  from  the  lateral  margin  of  the  head,  over  the  base  of  the 
metacarpal  of  the  little  finger.  Neither  stained  nor  unstained  sections 
demonstrated  the  presence  of  any  foreign  particles,  and  only  showed 
chronic  inflammatory  changes.  A  decidedly,  large  number  of  brown 
granules  of  melanin  were  found  in  the  desquamating  or  exfoliating  por- 
tion. The  mucous  layer  did  not  appear  to  be  thickened,  though  it  was 
more  pigmented  than  normal.  In  the  stratum  corium,  the  blood-vessels 
appeared  irregular  and  dilated,  and  the  pigment  cells  covering  the 
papillsB  were  almost  as  numerous  as  are  usually  found  in  the  stratum. 

*^It  was  suggested  that  particles  of  platinum  might  have  passed 
from  the  tube  through  the  glass  bulb  and  have  been  deeply  imbedded 

»The  New  York  Medical  Journal,  1897,  Ixv.  p.  71. 
'Johns  Hopkins  Hosp.  Bui.,  1897,  viii.  p.  17. 
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in  the  tissue,  giving  rise  to  pigmentation.  Portions  of  the  exfoliat- 
ing skin  were  accordingly  submitted  to  Professor  Abel  for  a  chemical 
analysis,  who  stated  that  no  particles  of  platinum  could  be  detected." 

Gassmann  and  Schenkel '  made  histological  examinations  of  derma- 
titic  areas,  and  found  that  the  tissue  was  not  necrotic  but  consisted  of 
easily  stained  elements ;  degenerate  forms  were  observed  like  those 
found  in  pathological  tissue,  which  readily  took  up  the  nuclear  stains. 
These  presented  peculiar  aspects,  some  being  drawn  out  into  long 
threads,  others  were  branched,  indented,  and  grouped  into  irregular  dus- 
ters, while  there  were  also  a  few  large  lymph-vessels  and  capillaries  dis- 
tended with  blood.  Elastic  fibres  were  plentifully  distributed,  together 
with  collections  of  crowded  mononuclear  leucocytes,  and  a  general  but 
minute  extravasation  of  erythrocytes.  It  is  still  undecided  whether  this 
peculiar  tissue  may  be  regarded  as  an  altered  subcutaneous  tissue  or  as 
a  newly  formed  tissue  already  undergoing  degeneration.  The  healing 
process,  which  was  very  slow,  began  at  the  peripheral  margin  of  the 
diseased  area. 

Oudin,  Barth^lemy,  and  Darier,*  in  a  study  of  alopecia  in  guinea-pigs, 
found  the  prickle  cell  of  the  stratum  granulosum  ten  to  fifteen  times 
thicker  than  is  normally  the  case,  the  individual  cells  being  only 
slightly  altered.  Not  a  single  hair  root  was  visible,  and  there  apx)eared 
only  slight  traces  of  the  previous  hair  follicles.  All  the  hair  papillae, 
regeneration  buds,  and  sebaceous  glands  were  lacking. 

The  changes  in  the  dermis  were  trivial,  the  white  fibrous  and  yellow 
elastic  connective  tissue  network  being  normal  in  texture.  The  large  and 
smaller  blood-vessels  of  both  the  cutis  and  subcutis  were  normal ;  nor 
were  any  changes  in  the  structure  of  the  nerve-fibres  apparent.  These 
writers  conclude  that,  as  a  result  of  intense  irritation,  the  leiist  differen- 
tiated skin  elements  are  apparently  increased.  On  the  contniry.  the 
modified  elements,  hair,  nails,  and  glands,  undergo  retrogressive  changes 
and  atrophy.  They  do  not  know  whether  these  changes  are  due  to 
nervous  influence  or  to  obliteration  of  vi^sels  or  other  circulatorv 
<listnrbances. 

Unna  ^  reports  his  investigations  on  a  brown  i)igmented  skin,  obtained 
from  a  woman  who  had  been,  previous  to  her  dise^ise,  exposed  to  tbe 
influence  of  the  rays.  lie  states  that  no  increase  of  pigment  wils  ob- 
served in  the  epidermis,  but  that  there  was  a  decided  incrciise  of  coloriug 
matter  in  the  hair  and  in  the  connective  tissue  of  the  i)apillary  Ityter; 
this  appeared  to  b<»  especially  i)r(>n<)uneed  in  the  immediate  vicinity 
surrounding  the  cai)illaries  and  the  more  sui>erfieial  layers  of  the  cutis. 

'  FortHcliritte.  Kin  lu-itra^'  znr  I>('liaii<lliin.ir  dcr  Haiitkrankheiten  niitu-ls  K«.iit- 
giMistralilcn,  vol.  ii.  p.  12S. 

-Mnnatsch.  f.  j)rakt.  Dorin.,  1S97.  xxv.  j».  417. 

'•  Peiitsc'li.  uiv<\.  Ztng.,  ls!is,  xviii.  p.  M»7. 
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Scholtz'  Siiys:  *'In  almost  every  field  were  cells  with  nuclei  divided 
into  two  or  three  parts  without  any  attempt  at  karyoniitosis.  The  evi- 
dences of  a  beginning  degeneration  were  apparently  everywhere.  The 
outlines  of  the  cells  were  hardly  distinguishable,  and  their  protoplasm 
appeared  blended  into  a  homogeneous  mass.  The  nuclei  were  merely 
shadows.  In  the  hair  follicles  and  sheaths,  the  changes  in  the  cells 
appeared  entirely  analogous ;  and  the  loosening  and  falling  of  the  hairs 
can  be  easily  understood  when  taking  into  consideration  this  active  cell 
degeneration. 

*^The  corium  was  oedematous;  the  connective  tissue  fibres  did  not 
stain  well,  and  appeared  somewhat  swollen  and  homogeneous.  The 
basophilic  reaction,  of  which  Unna  speaks,  could  not  be  demonstrated, 
though  the  elastic  reticulum  was  still  intact.  No  appreciable  changes 
were  apparent  in  the  small  vessels.  Evidences  of  inflammatory  reaction 
were  only  slightly  intimated.  The  connective  tissue  cells  and  the  sweat 
glands  showed  changes  only  to  a  slight  degree.  The  cells  of  the  intima 
were  swollen,  projected  into  the  lumen  of  the  vessels,  and  in  some  places 
showed  evident  proliferation,  with  a  tendency  to  fall  off  into  the  blood 
current." 

Gassmann'  described  the  changes  occurring  in  the  larger  and 
smaller  blood-vessels  of  a  part  subjected  to  the  action  of  the  X-rays,  as 
follows : 

^^  Important  changes  are  noticeable  in  the  vessels.  The  walls  of  the 
small  vessels  and  capillaries  in  the  upper  zone  of  an  ulcer  are  changed 
into  an  irregular  swollen  mass,  the  lumen  being  sometimes  entirely 
obliterated,  and  sometimes  filled  with  corpuscles,  in  which  latter  case  the 
vessel  is  surrounded  by  a  collection  of  infiltrating  cells.  The  intima  is 
thickened  and  the  endothelial  cells  are  swollen,  and  often  detached  from 
the  wall. 

'*  The  small  vessels  of  the  deeper  tissues  show  similar  changes  of  the 
intima,  the  lumen  being  entirely  or  partly  obliterated.  In  the  larger 
arteries  and  veins  of  the  subcutis  the  intima  is  thickened,  there  is 
proliferation  of  the  endothelial  cells,  filling  perhaps  half  of  the  lumen. 
The  intima  shows  numerous  vacuoles  and  crevices.  The  muscular  layer 
also  shows  vacuoles ;  the  cells  seem  to  be  pressed  together,  are  smaller, 
and  the  fibres  between  them  do  not  stain  well. 

**  Leucocytes  are  present  in  the  media,  and  more  numerously  in  the 
adventitia.  Neither  the  inner  nor  the  outer  elastic  layers  ai^e  compact, 
but  both  are  loose,  the  fibres  separated  from  each  other  by  spaces  and 
increased  in  number.  Not  all,  but  many,  of  the  large  vessels  show  these 
changes.  The  lumina  are  sometimes  empty,  though  not  obliterated, 
sometimes  filled  with  blood." 

» Arch.  f.  Derm.  u.  Syph.  1902,  lix.  p.  241. 
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I.  The  Action  of  the  X-rays  on  the  Skin,  or  Rontgen  Dermatitis. 

That  the  X-rays  have  an  effect  upon  normal  as  well  as  on  x>&thologi- 
cal  tissues  is  to-day  an  established  fact.  They  cause  changes  not  only  in 
the  superficial  but  also  in  the  deeper  structures.  In  the  former  ^re  refer 
to  changes  in  the  several  parts  of  the  skin  and  the  subcutaneons  tissue  - 
in  the  latter  we  allude  to  possible  changes  produced  in  organs  such 
as  the  lungs,  heart,  kidneys,  and  other  viscera. 

Shortly  after  the  discovery  and  application  of  the  rays  for  diagnostic 
purposes,  it  was  noted  that  in  some  of  the  cases,  a  dermatitis  of  varying 
severity,  with  epilation  of  the  hair  occurred.  This  untoward  incident 
was  the  genesis  of  X-ray  therapy. 

A.  Causes  of  X-ray  Dermatitis. 

Many  theories  have  been  advanced  regarding  the  etiology  of  X-ray 
dermatitis.     Prominent  among  these  are  the  following  : 

1.  Flight  of  minute  platinum  atoms. 

2.  Ultra-violet  rays. 

3.  Cathode  rays. 

4.  Rimtgen  rays. 

5.  Electrical  induction. 

6.  Ozone  generation  in  the  skin. 

7.  Idiosyncrasy. 
S.  Faulty  teehiiic. 

1.  This  theory  lacks  confinnatiou  and  is  not  generally  accepted. 

2.  Stine'  and  Goldstein^  state  that  burns  received  on  exposui-e  of 
the  body  to  the  excited  Crookos  tube  are  not  due  to  the  X-rays,  but  to 
the  ultra-violet  light  coming  from  the  lube. 

;{.  Frcund  maintains  that  the  phosphorescent  glow  set  up  by  the 
impact  of  the  cathode  rays  gives  otf  a  certain  number  of  ultra-violet 
rays.  This  view  is  endoi-sed  by  Gilchrist,^  and Foveau  de  Courmelles.* 
Sir  Oliver  Lodge  ^  iisserts  that  cathode  rays  do  penetrate  the  tul>e  and 
accompany  the  X-rays. 

4.  By  many  it  is  believed  that  the  X-ray  radiations  are  directlv  re- 
si)onsible  for  the  dermatitis  produced.  Among  the  authorities  that  favor 
this  view  may  be  mentioned  Gassmann,  Schenkel,  Rieder,  Forster,  and 
Kienbock. 

5.  Rollins®  exposed  his  hand  to  a  tube  whose  resistance  was  so  high 

■  Electriral  Review,  Noveml>er  IS.  189<\ 

-'  Sitzun^'slx^richt  d.  k.  preuss.  Akad.  d.  Wissenschaften,  Band   viii.,  quoteii  bv 
Holzkiieclit. 

Bulletin,  Jolins  Hopkins  Hospital,  February,  1897. 
H\»ngr.  f.  Neurolo^'.,  Brur^j^els,  1SW7. 
*  Archives  of  the  K«>ntiren  liay,  April,  1904. 
•Electrical  Review,  Jan.  5,  189s. 
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that  no  current  coald  be  forced  through  it  with  the  generator  used ; 
nevertheless^  the  hand  was  burned,  in  spite  of  the  &ct  that  no  X-rays 
were  produced.  He  therefore  believed  that  X-ray  burns  could  be  pro- 
duced by  electricity,  but  did  not  show  that  they  could  not  also  be 
produced  by  the  X-rays. 

Those  favoring  the  above  theory  are  Schall,  Leonard,  Bordier, 
Salvador,  Gocht,  and  Apostoli. 

6.  Tesla  ^  believes  that  bums  are  due  to  the  ozone  generated  on  the 
skin  and  to  a  small  extent  to  nitrous  acid.  He  therefore  interposed  a 
screen  made  of  aluminium  wire,  connected  with  the  ground,  between  the 
tube  and  the  person,  and  no  burn  was  produced.  Before  he  took  this 
precaution  one  of  his  assistants  was  burned. 

Dr.  F.  J.  Clendinnen  has  made  some  experiments  on  the  action  of 
X-rays  on  the  air.  He  found  that  air  which  had  been  irradiated  for  ten 
minutes  gave  a  slightly  acid  reaction  with  phenol-phthalein.  Further 
tests  with  diphenyl-sulphonic  acid  showed  this  to  be  due  to  the  produc- 
tion of  nitric  acid.  He  holds  that  the  healing  and  stimulating  effects  of 
the  X-rays  are  partly  due  to  this  production  of  nitric  and  nitrous  acids. 
This  would  account  for  the  bronzing  and  pigmentation  due  to  X-rays, 
since,  when  nitric  acid  comes  in  contact  with  any  proteid  matter  it  turns 
yellow  owing  to  the  formation  of  xanthoproteic  acid,  which  acid  would 
further  be  darkened  by  the  action  of  the  ammonia  in  the  skin.' 

The  above  theories  are  not  accepted  by  Oudin,  Barth^lemy,  and 
Darier. 

7.  Some  individuals  show  a  marked  susceptibility  to  the  action  of 
the  rays.  All  operators  confirm  this  view.  In  some  patients.  X-ray 
burns  have  been  recorded  where  a  single  exposure  of  one  minute  duration 
was  given. 

8.  The  principal  factors  in  faulty  technic  are : 

(a)  Too  close  proximity  of  the  tube  to  the  part  to  be  irradiated. 

(b)  The  degree  of  Vacuum  of  the  tube,   the  soft  tube  being 

most  prone  to  produce  X-ray  dermatitis. 

(c)  Prolonged  or  repeated  exposures. 

The  opinions  held  by  various  observers  as  to  the  etiology  of  X-ray 
burn,  as  detailed  above,  may  not  be  endorsed  to-day  by  some  of  these 
very  scientists.  As  the  study  is  being  more  and  more  unfolded,  new 
theories  are  from  time  to  time  being  advanced  to  account  for  X-ray  der- 
matitis. 

B.  Classification  of  X-Ray  Dermatitis. 

It  is  customary  to  divide  X-ray  dermatitis  into  the  aeiite  and  chronic 
forms. 

*  Electrical  Review,  December  2,  1896. 
'Intercolonial  Medical  Journal,  October,  1904. 


400  ELECTRO-THEKAPEUTICS. 

a 

The  acute  form  may  appear  24  hours  after  the  irradiation,  or  may  not 
manifest  itself  for  two  or  three  months  subsetiuently ;  it  is  characterized 
by  the  presence  of  an  erythema.  This  erythema  is  attended  with 
intense  itching,  which  in  a  few  days  may  give  rise  to  vesicle  formation. 
The  erythema  may  be  preceded  by  pigment  formation. 

As  soon  as  the  cutaneous  pigmentation  has  taken  place,  an  effect 
upon  the  hair  may  be  observed.  The  hair  loses  its  natural  lustre,  the 
individual  hairs  become  brittle  and  break  otf  close  to  the  hair  follicle 
upon  the  slighest  friction  or  combing. 

It  should  be  remembered,  when  there  is  an  erythema,  that  this  in 
itself  is  sufficient  to  cause  a  loosening  and  falling  of  the  hair,  without 
injury  to  the  follicle,  hair  papilla,  etc.  Hair  rich  in  pigment  falls  out 
more  readily  than  hair  of  a  sparser  pigment.  I  have  seen  two  cases 
where  the  haii*  had  been  removed  from  the  entire  scalp  by  the  X-rays,  to 
grow  again,  and  more  luxuriantly,  in  a  short  time. 

In  mild  cases  this  is  simply  a  ti-ansient  erythema,  lasting  perhaps  a 
few  days,  followed  by  an  exfoliation  of  the  superficial  epidermis.  There 
may  be  a  hyperaesthesia  of  the  skin  and  a  mild  burning  sensation,  though 
no  real  pain  is  experienced.  In  the  hairy  portions,  epilation  may  occur 
without  any  active  inflammatory  signs. 

In  cases  of  the  second  degree  there  is  a  formation  of  serous  or  puru- 
lent blebs  following  the  erythema,  and  bearing  a  close  resemblance  to  a 
scald,  but  differing  from  the  latter,  in  that  it  is  decidedly  slower  in  heal- 
ing and  less  acute  in  character. 

In  the  woi-st  cases,  the  i^rocess.  instead  of  disai)pearing  in  a  few 
weeks,  extends  to  the  deeper  layei*s  of  the  skin  and  to  the  subcutaneous 
tissue,  resulting  in  tlie  formation  of  a  leathery  slough,  surrounded  by  a 
brawny  indurated  swelling  with  ill-defined  limits.  The  process  is 
exceedingly  slow  and  ol)Stinate,  and  possesses  a  tendency  to  progress. 
It  is  generally  very  painful,  usually  resisting  all  treatment  in  a  most 
re  n i  ar k  abl  e  w a  v . 

The  chronic  form,   found  most   largely  in    the  ])ersons  of   operators 
(Fig.  1209),  may  be  regarded  as  a  long-continued  form  of  the  acute  variety, 
and  produced  by  the  constant  irritation  of  the  action  of  the  rays.   Follow 
ing  the  acute  form,  the  nails  become  l)rittle  and  thinner,  and  show  the 
presence  of  linear  striations,  and  later  of  furrows. 

IStill  lat<'r  onychia  develops,  and  the  nail  is  frequently  shed.  The 
knuckles  become  sensitive  from  a  chapping  of  the  skin,  serum  exudes, 
and  an  itching  sensation  develoi)S,  which  is  often  followed  by  numbness 
and  aniesthesia.  The  skin  l>econies  hard  and  leathery,  warty  excrescences 
form,  and  from  the  bitse  of  these  excrescences  a  clear  serum  issues.  Fre- 
quently these  growths  become  detatched  and  otfer  a  raw,  sensitive  sur- 
face. AMiile  the  operator's  hands  are  most  freiinently  '•  burnt,''  the  i)he 
nomenon  may  manifest  itself  on  any  part  of  the  body,  especially  the  face 
and  the  chest. 
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Kienbock  *  classifies  X-ray  burns  as  follows  : 

Those  of  the  first  degree,  which  appear  from  twelve  to  eizteen  or  more  days  after 
exposure.  The  hair  loosens,  falls  out,  and  leaves  the  skin  smooth,  bald,  and  occa- 
sionally pigmented. 

Those  of  the  second  degree,  where  the  exposure  has  been  more  intense  and 
appears  after  a  briefer  interval  than  in  bums  of  the  first  degree.  There  is  localized 
or  general  swelling.  The  hypenemia,  at  first  light,  later  assumes  a  darker  color. 
There  is  marked  irritation.  These  symptoms  are  followed  by  loss  of  hair,  and  by 
marked  cutaneous  pigmentation  with  subsequent  scaling ;  the  skin  is  smooth  and  sen- 
f?itive,  of  a  delicate  hue,  and  devoid  of  hair ;  after  a  time,  however,  the  part  again 
assumes  its  normal  aspect,  a  slight  pigmentation  perhaps  remaining. 

Those  of  the  third  degree.  Blisters  and  extensive  exfoliations  are  present,  the 
hair  fails  to  grow  again,  changes  in  the  pigmented  spots  are  permanent,  and  there  is 
atrophy  of  the  cutis  and  papillae,  with  the  formation  of  painful  cicatrices. 

Those  of  the  fourth  degree.  This  is  characterized  by  a  superficial  dry  necrosis. 
After  a  latent  period  of  a  fortnight,  the  skin  is  darkly  discolored,  and  is  the  seat  of 
ulceration,  which  may  be  of  an  indefinite  duration.    The  condition  may  be  painless. 

The  above  methodical  classification  is  purely  arbitrary.  I  have  seen  many  cases 
of  dermatitis  where  the  symptoms  did  not  follow  these  typical  stages. 

C.  The  Latent  Stage  ;  Frequency  and  Susceptibility  in  X-Ray 
Dermatitis. 

E.  A.  Codraau*  shows  that  the  latent  period  in  X-ray  dermatitis 
varies  from  an  interval  of  24  hours  up  to  the  fourth  week  after  the 
irradiation. 

In  9  instances,  signs  or  symptoms  were  noticed  within  24  hours. 
In  6  instances,  signs  or  symptoms  were  noticed  within  2  days. 
In  6  instances,  signs  or  symptoms  were  noticed  within  3  days. 
In  2  instances,  signs  or  symptoms  were  noticed  within  4  days. 
In  5  instances,  signs  or  symptoms  were  noticed  within  5  days. 
In  3  instances,  signs  or  symptoms  were  noticed  within  6  days. 
In  3  instances,  signs  or  symptoms  were  noticed  within  7  days. 
In  4  instances,  signs  or  symptoms  were  noticed  within  8  days. 
In  2  instances,  signs  or  symptoms  were  noticed  within  9  days. 
In  9  instances,  signs  or  symptoms  were  noticed  within  10  days. 
In  8  instances,  signs  or  symptoms  were  noticed  within  10-14  days. 
In  8  instances,  signs  or  symptoms  were  noticed  within  15-21  days. 
In  2  instances,  signs  or  symptoms  were  noticed  within  22-28  days. 
In  3  instances,  signs  or  symptoms  were  noticed  after  the  4th  week. 

From  this  table  we  may  observe  that  it  is  impossible  to  fix  an  exact 
time  when  the  first  symptoms  may  be  expected,  but  the  majority  of  cases 
of  X-ray  dermatitis  make  their  first  appearance  from  the  10th  to  the 
13th  day,  the  cases  occurring  later  having  really  started  previously,  but 
the  symptoms  were  insufficient  to  attract  the  patient's  attention. 

* "  Hautveriinderungen  durch  Rr)ntgenbestrahlung  bei  Mensch  und  Thier," 
Wiener  med.  Presse,  1901,  pp.  874-879. 

2  Philadelphia  Medical  Journal,  March  8,  15, 1902. 
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Tu  seven  eiises,  two  of  whicb  came  under  my  care,  a  dermatitis  had 
been  set  up  from  two  to  eight  honra  after  esposurc.  There  are  two  cases 
on  record  where  dermatitis  did  not  apiiear  until  the  thirty-seconij  day, 
but  I  Ijelieve  it  qaestionahle  whether  the  X-rays  were  instrumental  in 
bringing  about  this  belated  condition. 

In  1898  H.  Gocht'  Btated  that  iu  the  Hambnrg-Eppendorf  Hospital, 
out  of  a  total  of  over  2000  exposures,  there  was  only  one  burn. 

Albers-ScLunherg.  in  the  same  year,  was  also  of  tlie  opinion  that  the 
probability  of  a  burn  is  only  very  small.  He,  perhaps  the  most  ix>mpe- 
tent  X-ray  expert,  says  that,  despite  his  frequent  irradiations  for  diagnos- 
tic purposes,  up  to  that  time  (1898),  he  had  never  seen  a  burn;  and  that 
was  at  a  period  wheu  exposures  of  twenty  minutes  were  customary,  with 
the  tnl>e  very  close  to  the  bo<ly. 

Hoflfa'  says  that  the  occnrrence  of  the  burn  is  in  the  proportion  of 
7  to  10,000,  which  small  figure  (0.7  per  cent.)  is  not  obtained  in  the 
statistics  of  even  the  most  harmless  operation. 

It  has  been  said,  that  the  individual  -'disposition"  is  an  important 
factor  in  the  relative  frequency  of  X-ray  burns,  and  that  this  disposition 
varies  according  to  the  types  of  the  pigments  of  the  body.  DiflTerent 
parts  of  the  botly  react  variously  to  the  rays,  the  hairy  regions  being 
especially  sensitive. 

In  an  examination  of  8000  patients  for  diagnostic  purposes,  I  have 
met  with  but  three  mishaps, — one  case  each  of  epilation,  vesication,  and 
ulceration. 

Sjoi^en  and  Sederholm'are  strongly  impressed  with  the  fact  that 
blondes  and  brnnettes  react  differently  to  the  action  of  the  rays,  as  shown 
in  the  following : 

A— BLONDES. 
Caee  13,  with  21  eicpcuiiires ;  reaction  mild. 
Case    4,  n'ith  IS  exposures  ;  reaction  mild. 
Caae   6,  with  12  expoBurce ;  reaction  very  mild. 

B— BRUNETTES. 

Cwe    I,  with  22  exposures  ;  reaction  strong. 

Case   2,  with  20  exposures  ;  reaction  very  strong. 

Case    5,  with  IS  exposures ;  reaction  present. 

Case   7,  with  16  exposures  ;  reaction  strong. 

Case   T,  with  15  exposures  ;  reaction  ;  second  period,  strong. 

Case    8,  with  15  expOBures ;  reaction  medium. 

Case   9,  with  18  exposures  ;  reaction  inWnse, 

Case  10,  with  29  exposures  ;  pronounced  swelling. 

Case  II,  with  35  exposures  ;  very  strong  reaction. 

'Ameritsn  Electro-Therapeutic  and  X-RayEra,  May,  1903. 
'Quoted  by  Scliurmayer,  Fortschritte  a.  d.  Geb.  d,  Rdntgenstr.,  1901,  1902,  v. 
pp.  48-51. 
'Ibid. 
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Codman*  says:  "Many  assertions  have  been  made  that  the  static 
machine  is  less  liable  to  the  production  of  injuries  by  the  X-rays  than  any 
other  form  of  apparatus,  because  of  the  low  amperage  required ;  this 
statement,  however,  is  not  borne  out  by  the  present  analysis. 

*^In  the  cases  in  which  the  kind  of  apparatus  is  recorded,  11  were 
caused  by  static  machines ;  of  these  3  were  severe ;  11  were  caused  by 
Tesla  coils ;  of  these  5  were  severe ;  42  were  caused  by  forms  of  induc- 
tion coils ;  of  these  18  were  severe. 

'*On  the  other  hand,  coils  have  been  far  more  commonly  used  than 
static  machines  or  the  Tesla  apparatus,  probably  in  the  proportion  of  3 
to  1.  In  the  other  cases  in  which  the  apparatus  is  not  spoken  of,  it  is 
probable  that  a  static  machine  would  have  been  used  and  not  mentioned. 
I  believe  that  X-ray  dermatitis  occurs  with  equal  frequency  both  with 
the  coil  and  with  the  static  machine.'' 

Ck)dman  further  says  :  "  Unfortunately,  the  quality  of  the  tube  is  not 
recorded  often  enough  to  give  us  effective  data.  Where  it  is  recorded  it 
is  usually  stated  to  be  ^soft.'  It  is  the  general  impression  of  skiagraph- 
ers  that  soft  tubes  have  more  therapeutic  influence  than  hard.  It  is 
probable  that  the  distance  from  the  skin  and  the  time  of  exposure  are 
more  important  factors. 

^*  Maximum  recorded  distance  from  tube  to  skin  at  which  injury  has 
occurred,  was  50  cm.  (statement  of  patient).  Minimum  recorded  distance 
from  tube  to  skin,  1  cm.  Maximum  recorded  time  of  exposure,  20  hours 
(ten  exposures).  Minimum  reported  time  of  exposure,  5  min.  (other 
data  not  given).  Considerable  inaccuracy  probably  exists  in  the  ac- 
companying reports  of  times  and  distances.  One  writer  speaks  of  *  dis- 
tance from  tube  to  skin;'  another  from  Hube  to  plate,'  or  from  ^platinum 
terminal  to  skin,'  still  others  say  the  *  tube  was  so  many  inches  distant^' 
or  perhaps  neglect  the  entire  data." 

Leopold  Freund,*  whose  experience  in  this  field  has  been  enormous, 
says:  *'The  dangers  of  Eontgen  therapy  are  not  confined  to  primary 
Rontgen  dermatitis,  which  may  take  months  or  even  years  to  heal,  but  in- 
clude permanent  changes  in  the  integument,  atrophy,  scleroderma,  and 
telangiectases,  which  may  follow  prolonged  and  repeated  irradiations. 
The  most  to  be  dreaded  is  the  primary  Rontgen  dermatitis.  Its  pro- 
tracted duration,  its  painful  nature,  and  the  comparative  uselessness  of 
treatment,  render  these  cases  the  bane  of  both  doctors  and  patients. 

^*The  question  arises,  What  is  the  percentage  of  accidental  burns  in 
all  cases  treated  by  Rontgen  therapy  t  According  to  Codman,  up  to  the 
year  1902,  the  total  number  of  recorded  cases  of  severe  burns  due  to  the 
Rontgen  rays  is  172.     He  calculates  that  such  accidents  do  not  exceed  one 

» The  Philadelphia  Medical  Journal,  March  8  and  15,  1902,  ix.  pp.  4-38. 
*An  address  delivered  before  the  Wissenschaftliche  Versammlung  des  Wiener 
Me<lizinischen  Doktorenkollegiuins,  February  12,  IfKX). 
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in  ."VOOO.     In  the  bospitale  of  Boston  there  were  only  fonr  cases  c 
iu  20.0(M>  ra(lii^rrap''ic  exposures. 

"Hahn  has  collect^  statistics  from  a  uiimber  of  soni'res  : 

Ilahn  treaWd  3a?  cases,  anil  had  2  Buntgi^n  ulcf  re. 

SchiS  treateil  505  cases,  atid  had  3  Hiiutgen  iilopfii. 
Muller  treats  47  cases,  ami  had  1  RTintgen  uloer. 
de  Kobelp  tre&t«d    42  cases,  and  had  1  Kunlgen  ulct^r, 

"Holzknecht  gives  the  number  of  cases  iii  which  iwiction  occurred, 
and  not  the  total  iiomber  irradiated.     In  4S72  ciiJ»(^uf  reaction,  he  go*^ 
44  cases  of  ulceration. 

"  Many  other  authors  record  cases  of  ulceration,  hut  do  not  give  tb» 
totjtl  number  of  cases  treated.  All  agree  that  unforeseen  tiocoudary 
efl'et^ts  may  include  scarriug,  pigmentation,  telangiectases,  atrophy  of  tiw 
skiu  and  nails,  keloid,  and  sclerodermic  changta." 

Between  the  yeare  1896  and  1904,  Fi-eund  treated  369  cases,  with 
total  of   II, SOS   irradiations.      In   these  369   cased  be    bad    3    intenfln 
reactions. 

I>.   Pathol(k;ical  Physiology. 

Huntington'  quotes  Itudis-Jkinsky  iu  that  an  X-ray  dermiilitJM  om* 
siBt.s  of  an  acute,  subacute,  or  chronic  necrobiosis.  Rudis-Jicin.-sky.  in  a 
later  article,  states  that  "the  irritation  of  the  peripheral  extremities  of 
the  sensorj'  nerves  causes  a  paralysis  of  the  vasomotors  of  the  -v-ascular 
area  affected,  that  spasmodic  contraction  of  the  arterioles  and  capillaries 
follow,  and  the  proper  nutrition  of  the  cells  is  impaired.  "With  these 
changes,  which  are  directly  dependent  upon  disturbance  of  the  circola- 
'  tion,  there  are  changes  in  the  paieuchyuia  cells  of  the  affected  region. 
The  death  of  tissue  follows,  caused  by  perinunent  stasis  iu  the  blood- 
vessels." 

Lowe'  mentions  the  fact  (fii-st  denionstrate<l  by  Lord  Kelvin),  that  a 
bar  of  iron,  electrified  and  insulated,  can  be  discharged  or  de-electrified 
by  means  of  the  X-rays,  He  seems  to  be  of  the  opinion  that  an  X-ray 
dermatitis  depends  very  largely  upon  a  similar  action  on  the  trophic 
ner\'es  of  the  parts  subjected  to  exposure. 

E.  A.  Codman '  supports  the  theory  that  attributes  the  lesions  to  a 
primary  action  on  the  trophic  nerves  of  the  blood-vessels  and  the  skin. 
He  says,  "the  delay  iu  the  appearance  of  the  lesions  after  the  exposure, 
their  progi-essive  character,  and  their  failure  to  react  to  stimalating 
treatment,  are  the  strongest  reasons  for  this  view."     His  reports  of  the 

'Aimale  of  Surgery,  December,  1901. 

'liritiali  Medical  .lnunia),  January  18,  1902. 

'  Phila-lelphia  Medical  Journal,  March  8-15,  1902. 
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microscopic  examinations  of  the  excised  tissue  agree  in  that  the  smaller 
arterial  branches  are  occluded,  and  the  appearances  are  not  unlike  those 
of  necrosis  and  inflammation  due  to  other  causes. 

Apostoli'  ascribes  the  cause  of  these  burns  to  an  electrical  stream 
of  high  tension  issuing  from  the  Crookes  tube. 

Oudin,  Barth^lemy,  and  Darier  *  believe  that  the  changes  in  the  skin 
are  not  caused  by  the  local  direct  action  of  the  rays  on  the  cells  of  the 
cutis  and  epidermis,  but  that  the  influence  is  transmitted  indirectly 
through  a  tropho-neurotic  action,  having  its  seat  entirely  in  the  central 
nervous  system. 

Destot '  also  regards  these  changes  as  having  a  tropho-neurotic  origin. 
Kaposi  explains  them  by  a  paresis  of  the  blood-vessels,  whilst  Bordier  is 
of  the  opinion  that  they  originate  in  a  disturbance  of  nutrition. 

Kienbock  believes  in  a  chemical  action  leading  to  disturbances  of 
metabolism,  by  which  the  cells  of  the  tissue  are  led  to  react  in  the  form  of 
a  Rontgen  dermatitis. 

Freund  maintains  that,  through  the  destruction  of  tissue  elements, 
certain  products  arise  whose  absorption  leads  to  constitutional  symp- 
toms. This  would  explain  the  appearance  of  fever  at  the  commencement 
of  severe  Rontgen  dermatitis,  before  any  excoriation  or  ulcer  affords  the 
opportunity  for  local  infection. 

L.  Jankau  *  believes  that  an  electrolytic  analysis  of  the  cells  takes 
place  from  irradiation,  whereby  the  tissues  are  chemically  affected,  and 
inflammation  is  provoked. 

Gassmann  andSchenkel*  have  examined  histologically  this  form  of 
dermatitis.  They  found  that  the  tissue  was  not  necrotic  in  the  ordinary 
acceptation  of  the  term,  but  consisted  of  various  characteristic  elements 
easily  stained.  The  chief  of  these  were  bundles  of  collagen  fibres 
of  normal  appearances,  their  nuclei  being  readily  stained  by  the  usual 
methods.  Here  and  there  were  seen  degenerate  forms,  like  those  found 
in  pathologically  altered  tissue,  which  readily  received  nuclear  stains. 
These  were  of  peculiar  aspect,  some  being  drawn  out  into  long  threads, 
others  much  branched,  indented,  or  grouped  in  irregular  clusters.  There 
were  also  a  few  large  lymph -vessels,  and  capillai*ies  distended  with  blood. 
Elastic  fibres  were  found  in  abundance,  with  here  and  there  collections 
of  crowded  mononuclear  leucocytes  or  a  slight  extravasation  of  blood. 
The  adipose  tissue  was  unaltered. 

XJnna*  alone  has  had  an  opportunity  of  examining  microst*opically  a 
dermatitis  erythematosa  set  up  by  X-rays  in  the  human  skin.     He  found 

^  New  York  Medical  Journal,  October,  1897. 

*  Monatschrift  f.  prakt.  Dermatologie,  1897,  xxv.  p.  417. 

'  Com pt.- rend.  Acad.  d.  Sc,  Pari8,  1897,  cxxiv.  pp.  1114-1116. 

*  Internal,  photog.  Monatsschr.  f.  Medicin,  1898,  vol.  v.  pp.  1-7. 

*  Fortschritte,  vol.  xi.  p.  128. 

*  Fortechritte  a.  d.  Greb.  d.  Rcintgenstrahl.,  B.  xi.,  H.  3,  pp.  118-119. 
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the  elastin  altered,  and  the  bauda  of  collagen  swollen,  wheuce  be  conclttdn 
that  the  Rontgeii  rays  nttack  even  the  more  resisting  ti»<iies  of  the  skin. 
He  thereby  explains  Iheir  cnmnlative  action. 

Sequeira'  speaks  of  a  few  cases  whei-e  Ihe  scar  tissab  that  remained 
contained  many  vascniar  places,  designating  them  as  telangiecta^^ies.  I 
have  seen  three  sneh  cases,  though  I  could  not  study  the  condition  in 
detail  sis  1  would  have  liked. 

In  a  previous  jiaragrapb  it  is  mentioned  tliat  the  changes  resulting 
from  tlie  action  of  the  X-rays  ai-e  nisnaUy  ati-ophic  in  form.  Od  tbe 
other  hand,  there  is  a  liypertropbic  tendency  about  the  joints  of  the 
phahuigcs  and  especially  on  the  doiTsuoi  of  the  hand.  The  condition 
spoken  of  aa  hyperkeratosis  is  characterized  by  an  over-development 
of  the  horny  layer  of  the  epidermis.  These  keratotic  areas  are  uuthing 
more  than  elevations  that  have  a  broadened  base,  and  which  fretjuenlly 
project  above  the  outer  surfiice  of  the  skin  in  the  form  of  small 
"  peaks." 

Usually  the  bases  of  the  keratotic  peaks  are  not  inflamed,  though  I 
have  seen  three  cases  whei-e  the  opposite  condition  was  true.  Cases  are 
reported  where  there  have  been  three  keratoses  distributed  over  the  en- 
tire anterior  surf^e  of  the  thomx,  the  dorsal  surface  of  hands  and  feet, 
and  over  the  thighs.  Between  the  keratotic  peaks,  the  skin  was  usually 
atrophied  and  ijigmeoted. 

Joiiiistoii '  speakw  of  the  kei-.itotic  pe.iks  ii.s  '' pi-ecanceroiis  piilcht-s," 
he  believing  that  these  points  are  very  prone  to  undergo  epitheliomatous 
changes.  He  reports  a  case  where  a  sui^eon  developed  nnmeroQs  kera- 
toses on  the  back  of  both  hands,  the  result  of  extensive  use  of  the  rays. 
Two  of  the  latter  peaks  were  excised  and  studied  microscopically ;  the 
first  revealed  the  cutis  in  a  state  of  subacute  inflammation,  accompanied 
by  an  intense  lymphocytosis  with  a  proliferation  of  fibroblasts. 

E.  Duration. 

The  duration  of  chronic  dermatitis  is  often  prolonged  over  months 
and  years,  running  an  uninterrupted  course.  Cicatrices  often  remain 
after  the  lesion  has  healed.  In  the  cases  of  X-ray  operators,  chronic 
dermatitis  leaves  the  nails  disfigured  and  deformed,  and  they  never  again 
regain  their  normal  appearance  and  condition.  The  skin  of  the  hand 
remains  tough  and  indurated,  with  the  subsequent  occurrence  of  atrophy. 

The  bones  suffer  no  change,  though  the  knuckles  are  enlarged,  and 
there  is  hypertrophy  of  the  periarticular  tissues  (as  is  evidenced  in  my 
own  hands). 

Movements  of  the  fingers,  in  flexion  and  extension,  are  painful  and 
limited,     Itehing,  parcesthesia,  and  ancesthesia  are  present  to  a  greater  or 

'Ttie  British  Dermatological  Journal,  1902,  xiv. 

'The  Phitiuielphia  Medical  Journal,  February  1,  1902,  pp.  220-221. 
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lesser  degree ;  this  renders  the  operator  nervous,  irritable,  and  generally 
ill.  Months  and  years  of  rest  and  change  of  occupation  may  fail  to  show 
any  improvement  in  the  condition,  the  skin  remaining  thickened,  dry, 
and  shining;  there  being  present  numerous  red  patches,  with  the  joints 
flexed  and  sensitive. 

When  the  X-rays  were  fij'st  brought  to  the  notice  of  the  medical 
profession,  the  number  of  experimenters  in  this  fascinating  field  were 
numerous.  To-day,  many  of  these  enthusiastic  votaries  have  become  its 
victims,  and  it  is  a  painful  duty  to  inscribe  the  names  of  the  following  as 
among  the  more  prominent  workers  who  have  perished, — martyrs  to  a 
noble  cause :  Mr.  Clarence  Dally,  Thos.  A.  Edison's  assistant,  of  New 
Jersey ;  Mrs.  E.  Fleischman  Aschbeim,  of  San  Francisco ;  Dr.  Louis 
A.  Weigel,  of  Rochester,  New  York ;  W.  C.  Fuchs,  of  Chicago ;  Dr.  A. 
Barry  Blacker,  of  London ;  M.  A.  Radiquet,  of  Paris.  The  number  of 
operators  that  have  been  disfigured,  maimed,  and  injured  would  form  a 
deplorable  list  of  tremendous  proportions. 

F.  Preventive  Measuees  against  X-Ray  Dermatitis. 

As  a  prophylactic  measure,  the  patient's  susceptibility  should  be 
carefully  ascertained  by  interrupted  small  doses  of  the  rays.  The 
character  of  the  tube  must  be  considered.  Soft  tubes  produce  a  derma- 
titis more  readily  than  do  hard  tubes,  because  the  latter  afford  less  absorp- 
tion. Another  matter  for  thought,  is  the  distance  of  the  tube  from 
the  patient.  The  more  distant  the  tube,  the  less  will  be  the  danger  of 
burning  the  patient.  In  treating  the  deeper-seated  structures,  the  sur- 
rounding healthy  parts  should  always  be  screened  from  the  rays  by  thin 
sheets  of  lead.  For  filtering  off  the  soft  and  unnecessary  rays,  advantage 
is  taken  of  the  use  of  a  piece  of  leather  or  aluminium  (grounded)  applied 
over  the  part  to  be  irradiated.  As  a  prophylactic  measure  the  treat- 
ment first  employed  by  Dr.  C.  L.  Leonard,  of  Philadelphia,  may  be 
mentioned.  He  employs  the  compound  stearate  of  zinc  powder,  with 
ten  per  cent,  ichthyol,  in  cases  under  treatment,  believing  that  it  not  only 
relieves  the  symptoms  of  acute  dermatitis,  but  also  allows  a  stronger 
dosage  to  be  employed. 

The  Protection  of  the  Operator. 

For  his  own  protection,  the  operator  should  never  use  his  hand  to 
test  the  intensity  of  the  rays.  While  the  patient  is  undergoing  treat- 
ment or  examination,  the  operator  should  be  in  a  communicating  room 
or  behind  a  lead  screen  or  in  a  sentry  box,  where  he  can  observe  the 
fluorescence  of  the  tube  from  a  mirror  suspended  at  a  convenient  angle 
from  the  ceiling.  The  best  place  for  the  operator  to  have  his  lead  pro- 
tection, is  behind  the  anode.  The  absence  of  the  operator  from  the  room 
is  always  advisable  because  its  atmosphere  becomes  ionized  by  the  rays. 
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To  discover  Ibe  presence  or  absence  of  tlie  rays,  the  opurator  may 
employ  an  electroscope  or  phoU^rapliie  plate,  and  wherever  they  are 
detected  that  region  is  unsafe  fur  the  operator.     (Fig.  210.) 

The  Crookes  tube  should  be  covered  with  an  opaque  rubber  shield, 
or,  as  some  recommend,  with  lend  glass  containing  an  interval  of  ordinary 
glasH,  for  the  passage  of  the  rays.     MiUler  paints  the  active  hemisphere 


with  a  black  opaqne  material  and  employs  diaphragms  of  varions  sizes. 
The  operator  should  still  further  protect  himself  by  wearing  special 
opaque  rubber  gloves  and  an  apron,  the  latter  to  prevcut  injury  to  the 
testicles.  Spectacles  of  lead  glass  are  worn  by  some  to  protect  the  eyee. 
It  is  far  better,  however,  for  the  operator  to  be  out  of  the  room  and  diB- 
peoBe  with  snch  protecting  devices. 


G.  Treatment  of  X-Eay  Bermatitib, 

Treatment  of  the  acute  form  may  be  similar  to  that  employed  in  any 
other  acuto  inflammation  of  the  skin. 

Slight  erythema  may  disappear  witbin  a  few  days,  but  when  the 
irritation  is  excessive  and  accompanied  by  iutense  itching,  soothing  rem- 
edies, as,  zinc  oxide  ointment,  compresses  of  ice,  boric  acid,  etc,  may  be 
employed.  When  tlie  vesicles  burst  and  the  skin  resembles  the  lesion 
of  pustular  eczema,  a  warm  normal  salt  solution  proved  Boothiog  and 
efficient  in  one  of  my  patients.  Carbolic  acid,  bichloride  of  mercury, 
and  other  antiseptics  produce  irritation.  I  used  orthoform  on  my  own 
hand,  with  the  result  that  a  general  inflammation  resulted. 
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Too  much  medication  is  dangerous.  Dry  dressings  are  to  be  pre- 
ferred. My  treatment  of  acute  X-ray  dermatitis  consists  in  cleansing  the 
part  with  sterile  water,  covering  it  with  sterile  gauze,  and  in  enjoining 
absolute  rest  of  the  part.  The  general  health  should  be  inquired  into, 
and  the  patient's  diet  should  be  simple  and  non-stimulating. 

For  the  intense  itching,  immersion  in  hot  water  and  the  employment 
of  dilute  solutions  of  cocaine  are  to  be  I'ecommended.  If  the  operator 
uses  a  dilute  solution  of  carbolic  acid  for  this  purpose,  he  should  remem- 
ber that  its  too  frequent  application  may  increase  the  irritation  and 
even  produce  gangrene.  Normal  salt  solutions  and  sterile  gauze  dress- 
ings brought  about  rapid  relief  in  an  acute  case  under  my  care  in  the 
Philadelphia  Hospital. 

Treatment  of  the  chronic  form  is  the  same  as  for  the  acute  form,  plus 
other  measures.  The  latter  include  the  employment  of  picric  acid, 
various  ointments  containing  boric  acid,  zinc  oxide,  calcium  salts, 
aristol,  orthoform,  etc.,  with  lanolin,  cold  cream,  vaseline,  etc.,  as  a  base. 
Some  recommend  powders  of  the  above  in  place  of  ointments.  Some 
urge  the  use  of  a  poultice  as  an  analgesic.  When  the  warty  excrescences 
appear,  it  is  good  practice  to  file  them  down  with  a  small  strip  of  sand- 
paper. When  the  knuckles  are  thus  involved,  I  advise  the  use  of  a 
digital  (palmar)  splint,  which,  however,  must  not  be  worn  too  long, 
lest  ankylosis  set  in.  I  also  advise  touching  the  fissures  in  the  skin  with 
a  ten  per  cent,  solution  of  argyrol.  As  salicylic  acid  is  very  stimulating, 
its  use  is  contraindicated.  Continuous  moist  dressings  should  not  be  used, 
as  maceration  of  the  skin  is  sure  to  ensue.  When  the  skin  appears  dry 
and  parched,  nothing  is  so  valuable  as  the  nightly  appliaition  of  lanolin. 

It  is  worthy  of  remark  that  frequently  a  chronic  X-ray  dermatitis, 
apparently  cured,  breaks  out  anew  and  with  increasing  severity.  In 
such  cases  I  employ  an  application  of  twenty  per  cent,  of  zinc  oxide  in 
lanolin  for  several  days.  If  continued  too  long  over-stimulation  will 
occur.  The  internal  administration  of  arsenic  and  the  iodides  is  most 
valuable.     Alcohol  in  all  forms  is  strongly  contraindicated. 

The  following  treatments  are  appended  : 

F.  Engman'  says  that  in  acute  cases  of  the  second  degree  or  milder, 
where  infection  and  ulceration  are  not  complications,  he  has  controlled 
the  intolerable  itching,  assisted  repair,  and  kept  the  surface  aseptic, 
by  the  employment  of  the  following  formula,  which  has  yielded  him 
excellent  results. 

R    Boric  acid 12  drams  (-UiJ  grammes). 

Zinc  oxide,  starch,  bismuth  subnitrate,  of  each,     1  ounce  (31    grammes). 

Olive  oil 1  ounce  (30    c.c. ). 

Lime  water 3  ounces  (90    c.c. ). 

Rose  water 12  drams  (43    c.c. ). 

*  Interstate  Medical  Journal,  July,  1903. 
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Tbe  powder  should  be  well  triturated  iu  a  uiortar  and  the  lauolia 
added.  The  olive  oil  and  lime  water  are  thoroughly  mixed,  aod  slowly 
added  to  the  powder  and  lauolia,  keeping  eonstanlly  stirring;  after 
which  the  rose  water  is  iulded,  iiud  the  whole  beaten  up  in  the  luortar 
into  a  light  creamy  jtaste.  If  there  is  much  pruritus,  1  or  2  per  cent, 
of  earbolic  acid  can  be  added  to  the  mixture.  This  creamy  patite 
ahotild  be  spi-ead  on  several  thicknesses  of  absorbent  gauze,  and  applied 
to  the  surface,  and  a  sheet  of  gutta-percha  tissue  placed  over  it,  to 
prevent  evaporation.  It  is  very  soothing  because  of  the  great  per- 
centage of  water  it  contains,  and  acts  almost  as  a  lotion  without,  the 
disagreeable  effects. 

Mr.  n.   Lyle,  Senior  Surgeon  to  the  Liverpool  Hospital,   believ 
X-ray  bnrns  to  be  reasonably  amenable  to  treatment.    The  method  recoio- 
mended  is  the  free  application  of  an  ointment,  composed  of  one  dram 
lead  oxide,  two  dnims  of  carbonate  of  zinc,  one  dram  of  glycerin,  half 
dram  of  olive  oil,  to  one  ounce  of  I>enzoinated  lard. 

Uuna'  advises  that  the  hands  be  bathed  from  one-qnarter  to  three- 
quaiteiK  of  an  hour  in  warm  water  with  superfatted  soap,  to  be  followed 
by  the  application  of  one  of  the  following  ointments  : 


i 


fr- 

•J 


B    tTng.  Hehrie  rec.  par 25.0  gram  mea  (3S(l  gndns). 

fiul.  ualdi  chlorati 10.0  grammeB  (154  gmos). 

Glyceriiii 5.0  grtunnies  (77  gnins). 

Adipis  lan.i? 10.0  Brammea  1154  grains). 


4 


B   Ung.  Hebrse  rec.  par 35.0  grammes  {540  grains). 

Acidi  ealicylid 2.5  grammes  (.%  grains). 

Sap.  kalini 2,5  i^rammes  (39  graine). 

Vaaeliai lO.O  grammes  (154  grains). 

Dr.  Nogier'  recommends  for  tlie  burning,  itching,  and  pain  iu  acut« 
dermatitis : 

B    Water 3  ounces  {90  giammf^]. 

G^lose 20  grains       (1.25  gnunmee). 

Glycerin,  oxide  of  zinc,  of  each ....     3  drams  (12  grammes). 

Xorman  Walker'  uses  the  following  : 

B    Prepared  chalk 3  dramx  (12  grains). 

Olive  oil 2  drams    (8  grains). 

Prepared  lard 1  dram     (4  grains). 

'  Fortschritle  auf  dem  Gebiete  der  Runtgenatrahlt-n,  vol.  viii..  No.  2, 
'Archives  dV'lectricit^  mMicale,  Sept.  25,  1900. 
'British  Medicaljournal,  1901,  ii.  p.  852. 
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Dr.  J.  Hall  Edwards*  advises  the  use  of  the  following : 

B   Sulphate  of  zinc 5  grains     (0.32  grammes). 

Tincture  of  lavender 60  minims       (4  c.c). 

Glycerin 60  minims       (4  c.c). 

Water 1  ounce         (30  c.c). 

Ft.  lotio. 

He  likewise  advises  the  application  of  olive  oil  several  times  daily  to 
the  hands,  to  be  followed  with  hot  water  and  superfatted  soap. 

Since  the  above  was  written,  I  have  been  using  Eichhoflf's  superfatted 
resorcin  soap,  but  the  results  are  unsatisfactory,  as  the  soap  removes 
the  epithelial  layer  and  renders  the  irritated  remaining  layers  most 
tender.  Oudin  recommends  a  peroxide  of  hydrogen  dressing  in  cases  of 
erythemsL  and  excoriations. 

M.  W.  Brinkmanu  advocates  Bier's  method  of  inducing  passive 
hyperaemia, — *.  e.,  by  constriction  of  the  venous  circulation  above  the 
diseased  area. 

Professor  Lassar,  of  Berlin,  applied  radium  over  the  ulcerated  spots 
of  my  hands,  but  I  could  derive  no  benefit  from  the  treatment,  as  I  could 
not  continue  it.     But  I  am  doubtful  as  to  its  ultimate  efl&cacy. 

In  passing,  it  is  interesting  to  note  that  in  the  treatment  of  X-ray 
burns  advantage  has  been  taken  of  the  caloric  power  of  the  red  rays  and 
of  the  absence  in  these  rays  of  chemical  properties.  The  experiments  of 
Finsen,  Schenk,  and  Graber  have  abundantly  proved  that  white  light  is  a 
stimulating  agent  of  considerable  power,  and  Bar  and  Boull6*  describe  at 
length,  the  case  of  a  pregnant  woman  treated  at  the  Infirmary  of  Saint 
Lazare,  who  suffered  from  blenorrhagia,  accompanied  by  abdominal  pains. 
She  had  been  pregnant  about  three  months,  when  the  rays  were  applied 
to  the  abdomen  in  the  hope  of  producing  a  blister  and  thus  allaying  her 
intense  pains.  An  ulcer  formed  which  baffled  all  treatment.  Two  months 
after  delivering  two  healthy  infants  the  woman  was  placed  in  a  sunny 
corridor,  and  each  day  the  rays  of  the  sun  were  sent  through  red  glass  and 
allowed  to  fall  on  the  abdomen.  Over  the  ulcerated  area  was  placed  a 
transparent  sheet  of  celluloid.  At  night  the  ulcerations  were  covered 
with  an  inert  powder.  Gradually  the  crusts  produced  by  the  X-rays 
sloughed  off,  and,  fifty  days  after  this  treatment  was  begun,  the  healing 
was  hastened  by  cauterization  with  silver  nitrate. 

Freund  and  Huntington  advise  excision  of  the  ulcer  in  obstinate  cases 
and  that  the  operation  of  skin  grafting  be  resorted  to.  I  concur  in  this 
advice.  Apostoli  and  Oudin  recommend  the  effluve  from  a  static  ma- 
chine and  a  resonator  respectively.  I  do  not  believe  that,  at  the  present 
day,  there  is  any  agent  known  for  the  cure  of  X-ray  dermatitis.  All  of 
the  pi'oposed  measures  are  merely  palliative. 

'The  Archives  of  the  Rontgen  Ray,  October,  1903. 

«  Bulletin  de  la  Society  d'Obstetrique  de  Paris,  1901,  vol.  iv.  pp.  251-266. 
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II.  Remote  and  Indirect  Action  of  the  Rays. 

Peculiar  sensations  attending  and  sometimes  subsequent  to  irradi 
tion  are  often  cximpliiiued  of  hy  liie  patient,  Tliese  iucludu  nervous 
turbances, — i.  e.  dizziness,  somnolence,  and  tinnitns.  The  tircalatorf 
disturbances  are  iucrease  in  tlie  pulse  rate,  palpitation,  aud  cardialgia. 
Digestive  disturlrances  manifest  tbemaelves  in  nniisea,  vomiting,  and  occa-  . 


r  in  both  the  [latient  luid 
f  these  symptoms  may  bd 


sionally  in  diarrhcBo.  These  symptoms  may  r 
the  operator.  It  is  my  own  belief  that  8om< 
manifestations  of  psychical  influences. 

OENITO-UHIXABT  SVBTEH  (STEftlUTTJ. 

That  tlie  Bontgrn  rays  are  capable  of  inducing  ut  least  temporary 
sterility  should  never  be  lost  sight  of.  Long  ago  Uie  ptjssibility  of  thia 
unfortunate  occurrence  was  emphasized  by  Albers-Schonberg.' 

The  experiments  of  Hal  be  rallied  te  r '  disclosed  the  fact  that  marked'- 
macroscopic  and  microscopic  changes  occurred  in  the  ovaries  of  rabbitU 
exposed  to  the  rays.  ''The  histological chauge  most  in  evidence  was  tbft 
complete  disappearance  of  the  Graafian  follicles,  in  about  fifteen  daya^, 
Whether  this  loss  is  permanent  and  whether  or  not  regeneration  can  taka 
place,  has  not  yet  been  determined.  Tt  was  also  found  that  the  ovariet 
seemed  more  sensitive  to  the  eflects  of  tlie  rays  than  the  outer  skin  of  tba 
abdomen,  acul,  when  conipiired  with  control  expeiiments  in  male  rabbits, 
developed  degenerative  changes  in  shorter  time  and  with  fewer  expos- 
nres.  How  far  these  observations  in  animals  apply  to  human  beings  can- 
not be  definitely  stated,  nor  is  it  known  how  permanent  the  effect  may 
be.  Of  course  the  question  of  individual  susceptibility  must  also  be 
taken  into  account,  but  since  the  wearing  of  an  apron  impervious  to  tbe 
rays,  or  the  encasing  of  the  focus  tube  so  as  to  prevent  the  escape  of  all 
rays  except  those  intended  for  a  particular  region  under  treatment^  and 
to  avoid  applying  the  rays  to  '  danger  zones, '  would  seem  to  obviate  all 
danger  in  this  direction,'' 

Albers-Schonberg '  called  attention  to  the  fact  that  in  male  tabbita 
and  guinea-pigs,  in  which  the  abdomen  was  exposed  to  the  action  of  the 
X-rays,  azoospermia  was  gradually  developed.  Frieben  *  found  that  this 
was  due  to  the  disappearance  of  the  epithelium  in  the  seminal  tnbnles, 
which  resulted  in  an  atrophy  of  the  testes. 

Before  the  January  (1905)  meeting  of  the  section  for  Oenito-Urinary 
diseases  of  the  New  York  Academy  of  Medicine,  the  statement  was  made 
by  F.  Tildeu  Brown  and  Alfred  T.  Osgood  that  men,  by  their  presence  in 

'  Munch,  med.  Wochen.,  1903,  i.  43. 
'BerliDer  klin.  Wochenech.,  January  16,  1805. 
'  Amerii^an  Journal  ot  Surgery,  April,  1905. 
•Miinch.  med.  Woch.,  ITOS,  No,  lii,  p.  2295. 
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an  X-ray  atmosphere  incidental  to  radiography,  may,  after  a  period  of 
time,  be  rendered  sterile. 

This  statement  was  based  upon  discovering  that  ten  X  ray  workers, 
who  had  consulted  them,  were  the  subjects  of  total  azoospermia,  although 
none  of  them  had  suffered  from  any  venereal  disease  or  traumatism  in- 
volving the  genital  tract,  none  of  them  presented  physical  signs  of  abnor- 
mality of  these  organs,  and  none  was  conscious  of  or  gave  a  history  of 
functional  derangement. 

Since  that  time  the  number  of  cases  has  increased  and  there  now  are 
records  of  eighteen  cases  in  whom  total  azoospermia  or  oligo-necrosper- 
mia  has  been  demonstrated.  All  of  those  examined  who  have  done  ex- 
tensive X-ray  work  for  a  period  of  more  than  three  years  show  no  sper- 
matozoa in  their  seminal  fluid,  while  a  few  of  the  men  who  have  been 
engaged  in  the  work  for  a  shorter  time  and  have  exercised  care  in  avoid- 
ing direct  exposure  to  the  active  tube  show  varying  states  of  oligo- 
necrospermia. Several  cases  have  been  examined  whose  exposures  have 
been  infrequent  and  short  (once  or  twice  a  week,  for  from  five  to  fifteen 
minutes),  whose  seminal  fluid  presents  normal  characteristics,  with 
abundant  actively  motile  spermatozoa. 

These  men  are  in  robust  health,  and  from  22  to  40  years  of  age. 
Twelve  of  them  have  operated  X-ray  tubes  for  one-half  to  four  hours 
at  least  three  times  a  week,  for  the  greater  part  of  each  year  during  the 
past  two  to  six  years.  Six  of  them  are  the  subjects  of  more  or  less 
severe  X-ray  dermatitis  of  the  hands. 

This  sterility  has  been  produced  without  the  slightest  subjectiv^e  or 
objective  sign,  illustrating  its  insidious  development.  In  no  ciuse  has  even 
a  transient  erythema  of  the  scrotum  been  noted,  and  in  no  ease  hjis  there 
l>een  evidence  of  deterioration  of  sexual  activity.  One-half  of  these 
men  are  married,  and  no  one  among  them  has  had  a  child  since  he 
undertook  this  work. 

Philipp  *  reported  the  exposure  of  the  testers  of  two  men  who  recog- 
nized the  danger  of  producing  sterility.  One  was  a  tuberculous  subject, 
and  he  was  exposed  for  30  days  to  the  rays,  duration  of  each  stance  10  to 
15  minutes.  At  the  end  of  this  time,  the  semen  was  apparently  normal, 
and  the  spermatozoa  normal.  Later  a  resection  of  the  vas  deferens  of 
each  side  was  performed,  and  six  months  after  no  spermatozoa  were  found 
in  fluid  withdrawn  from  the  epididymis.  This  demonstrated  merely  a 
marked  resistance  of  these  organs,  in  this  case  at  least,  to  the  injurious 
action  of  the  rays. 

The  second  case  was  treated  for  pruritus  ani.  Total  time  of  expo- 
sure 195  minutes.  The  patient  then  disappeared.  After  several  months 
he  had  a  slight  recurrence  of  pruritus.    Seven  months  later,  examination 

'  American  Journal  of  Surgery,  April,  1905. 

*  Fortschritte  auf  ♦lein  Gebiete  der  Runtgenstrahlen,  1904,  Bil.  viii.,  Heft  2,  p.  114. 
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of  seminal  fluid  showed  complete  azoosi>ermiai.     Only  one  eitl 
)W>ems  to  have  beea  made. 

Bergoiii6  and  Tribondeau '  have  extended  their  experiments  on 
the  Bemioiferons  tubes  to  the  action  of  tlie  rays  on  the  spermatozoa 
themselves.     The  result  was  entirely  negative.' 

In  conclusion,  let  rae  remark,  while  many  operators  say  that  X-ray 
workers  after  a  time  are  permanently  sterile,  I  am  personally  acquainted 
with  six  well-known  active  specialists  in  this  field  who  daring  the  past 
year  became  fathei-s  of  healthy  children. 

'  Arch,  il' Electricity  Mfdicale,  Sovember,  1906, 

'  For  n  comprehenBive  stuily  of  thia  Biibject,  the  reader  is  referred  to  the  follow- 
tng  papers  ;  Heineke — Mitteiluiig  aua  den  Urenzgebieten  der  Medizin  nnd  Cbirargie, 
1905.  Bd-  3tiv.,  Hefte  I  und  2,  pp.  21-W  ;  Miincli.  med.  Wocheuschrift,  1903,  No. 
xlviii.,  p.  2090,  and  1904,  Xo.  xviiL,  p.  785 ;  Freund,  Elements  of  General  Radio- 
therapy ;  Senn,  New  York  Medical  Record,  August  22,  1903  ;  Krauze,  Fortachritle  iinf 
dein  oi-biete  der  RlnlgenHtnihlen,  1905,  Bd.  viii..  Heft  3,  p.  20!J ;  Hftlbcrstatdter.  Ber- 
liner klin.  Wochenacbrift,  January  16,  IO<K  ;  Seliii,  Fi.>r1«cl)ritte  au/  dem  Gebiele  der 
Kiint^nBtralden,  1903,  Bd.  vii.,  Hetl  6,  p.  322. 
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CHAPTER  III 

CHANGES  INDUCED  IN  VABIOUS  DISEASED  TISSUES  BY  THE 

EONTGEN  RAYS. 

The  following  are  the  changes  noted  in  psoriasis  by  X-ray  expos- 
ures. We  abridge  the  reports  of  Scholtz.*  The  diseased  area  was  ex- 
posed to  the  rays  from  May  31  to  June  6,  five  times,  of  ten  minutes  dura- 
tion each,  at  40  cm.  distance.  June  8,  the  scales  had  completely  fallen 
off  and  the  affected  area  was  completely  smooth  and  colored  with  dark 
brown  pigment.  The  healthy  skin  in  the  vicinity  was  also  slightly 
colored.  At  this  time  a  piece  of  the  cutis  was  excised  containing  both 
the  healthy  and  the  diseased  tissue. 

*•  Microscopically,  the  typical  changes  occasioned  by  the  disease  had 
almost  completely  vanished.  Only  the  horny  layer  and  the  stratum 
granulosuni  were  still  somewhat  thickened,  and  there  was  some  infiltra- 
tion of  the  papillfe  and  also  around  the  subpapillary  vessels  of  the  corium. 
The  epithelial  cells  themselves  again  showed  the  usual  changes.  The 
healthy  as  well  as  the  diseased  tissues  were  i)eculiarly  pigmented.  In 
one  place  in  the  corium,  especially  in  the  papillsB,  were  cells,  some  long, 
some  stellate,  with  irregular  nuclei,  whose  protoplasm  was  abundantly 
filled  with  round,  large,  yellowish-brown  pailicles  of  pigment.  More- 
over, the  cells  of  the  rete,  especially  in  the  deeper  layers,  contained  in 
their  protoplasm  fine  particles  of  the  same  color;  while  a  fine  network  of 
particles  of  pigment,  lying  close  to  each  other,  appeared  interwoven 
around  these  cells.'' 

Scholtz  also  studied  the  changes  taking  place  in  lupus.  A  rather 
deep  area  of  lupus  was  on  the  breast,  which  was  deeply  infiltrated, 
thickly  set  with  tubercles,  and  covered  with  a  thin  crust.  X-ray  treat- 
ment, February  8  to  March  7,  at  intervals,  in  all  ten  exposures,  at  35  cm. 
distance.  After  a  few  weeks  a  severe  dermatitis  of  the  exposed  surface 
appciired,  with  subsequent  superficial  necrosis.     Excision  March  17. 

^*  Microscopic  examination  showed  the  epithelium  in  a  degenerated 
homogeneous  condition.  The  cutis,  especially  in  the  lupus  area,  was 
infiltrated  with  round  cells  and  pus  cells.  The  form  and  typical  structure 
of  the  tubercles  had  disappeared,  and  were  to  a  certain  extent  absorbed. 
In  their  place  were  collections  of  numerous  cells,  single  and  multiple ; 
nucleated  with  swollen  washed-out  protoplasm ;  and  among  them  mono- 
nuclear and  especially  polymorphonuclear  leucocytes  in  great  numbers. 
The  giant  cells  contained  an  unusually  large  number  of  nuclei,   and 

»  Arch.  f.  Derm.  u.  Sjrph.,  1902,  lix.  p.  241. 
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measured  100  to  200  microns  in  diameter.  Most  of  them  no  longer 
show  regular  outlines,  but,  insteiid,  a  pale,  irregular  mass  of  multi- 
nucleated protoplasm.  The  altered  epithelioid  cells,  which  are  often 
I)oly nuclear,  showed  the  same  appearance." 

Grouveu '  gives  a  report  of  his  studies  of  lupus  of  the  cheek  ti*eated 
by  the  rays.  He  studied  sections  of  the  diseased  tissue  which  had  been 
continuously  treated  by  the  rays  for  a  period  of  ten  weeks.  He  note^l  a 
very  large  production  of  connective  tissue,  some  of  the  fibres  running 
through  the  tubercles  themselves.  In  brief,  Grouven  speaks  of  the  heal- 
ing of  lupus  tissue  as  an  active  hyperjemia  giving  rise  to  diai>edesis 
of  the  leucocytes,  first  observed  at  the  periphery  of  the  tuberculous 
masses,  gradually  extending  into  the  interior  of  the  tubercles.  There  is 
a  conversion  into  spindle- cells,  resulting  in  the  complete  production  of 
new  connective  tissue;  L  c,  the  cells  of  the  tubercles  undergo  fatty 
degeneration,  absorption,  and  finally  are  wholly  replaced  by  connective 
tissue  newly  formed. 

Scholtz'  sjjeaks  of  the  results  of  his  investigations  with  leprosy  of 
the  nodular  type,  after  having  been  treated  by  the  raj's.     He  exposed  a 
leprous  area  until  sufficient  hypenemia  was  produced.     He  believes  that 
*^  some  time  after  the  disappearance  of  this  reaction  the  part  of  the  nodule 
which  head  been  treated  seemed  to  be  a  little  sunken,   but  no    further 
change  appeared.     Five  weeks  later  tlie  nodule  was  excised.     ]Mic'roseoi>- 
ically,    the   leprous   iiiiiltration  was  slightly  reduced.      The    numerous 
])aeilli  seenied  to  show  more  granulations  than  tin*  unexposed  r(*;jjion,  but 
were  well  stain(Ml  and  undiminished  in  number,  the  action  of  tin*   ravs 
having  no  apparent  intlmMice  upon  them."     He  '  has  also  studied  eases  of 
canc(»r  treated  ]>v  the  X-ravs,  and  found  that  in  one  case  he  wits  able  to 
obtain  sections  in  th<*  stage  of  commencin'j:  reaction,  and  also  after  the 
formation  of  a  sup(M'ficial  necrosis.     Under  the  intluence  of  the  rays  the 
microscopic  examination  showed  that  the  cancer  cells  dc^generate  and  are 
destroyed.     However,  the  degenerative*  processes  nw  i-ecognizable,   espe- 
cially in  the  deeper  carcinomatous  points,  only  after  a  relatively  more 
intense  action  of  the  lays,  and  the  ap])earances  were  viM-y  often  diflicnlt 
to  distinguish  from  the  normal  retrogressive  ])rocesses. 

Frennd  *  states  that  in  luj)us  and  epithelioma  the  improvement 
obscM'ved  is  due  to  celhdar  inlilt ration  and  proliferation,  and  to  the  intlu- 
ence of  the  rays  in  promoting  the  formation  of  connective  tissue  and 
cicatrices.     In  his  o])ini(>n  the  X-rays  possess  no  bactericidal  qualities. 

CliiL^.  L(»ster  Leonard '•  is  of  the  oi)inion  that  tin*  X-rays  have  both 


'  Fc)rt.«-hr.  a.  d.  (M>l)icti-  «1.  K«>nt.Lri'n>trahIen.  l'.K)L\  VA.  v.  p.  ISr,. 
-Aivh.  f.  Drriii.  u.  Syi»li.,  VM)-2,  li\.  p.  LMl. 

•T.anc(>t,  AiiL'ust  1'.  ]\n)'2. 

''AnR'riaiii  McMlicine,  ( >ctobt'r  4.  liM)2. 
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Rtimalating  and  alterative  effects  on  normal  tissue.  There  may  be 
caused  a  retrograde  metamorphosis,  on  tissues  of  low  vitality,  ending 
in  fatty  degeneration.  He  adheres  in  general  to  the  tropho-neurotic 
theory. 

The  lesions  in  Shand's  ^  case  were  recurring  superficial  abscesses  of  18 
months'  standing,  the  pus  containing  the  staphylococcus  pyogenes  aureus. 
Improvement  began  under  X-ray  treatment,  a  relapse  occurring  when 
treatment  was  discontinued.  Irradiation  was  again  begun  and  continued 
until  a  permanent  cure  resulted. 

Einehart,*  after  stating  that  he  gets  no  results  from  X-ray  treat- 
ment unless  inflammatory  action  is  induced,  says:  ^'It  then  remains 
to  be  decided  whether  the  inflammation  causes  the  death  of  the 
cancer  and  tuberculous  deposits,  or  whether  the  effect  is  produced  by 
the  light  itself.  My  own  experience  is,  that  it  is  the  light.  Simple 
inflammation  has  often  been  caused  by  caustics,  in  and  around  these 
sores  of  lupus  and  epithelioma,  without  proilucing  the  death  of  the 
process.  A  light  sufficiently  strong  to  produce  an  inflammation  of  the 
healthy  cells  of  the  part  treated  is  of  sufficient  strength  to  destroy  cells 
of  lower  vitality,  as  cancer  cells  are  known  to  be.  Whether  the  effect 
upon  the  skin  is  produced  by  the  ultra-violet  rays  remains  to  be  proven. 
That  the  low- vacuum  tube  produces  more  eftect  upon  the  skin  than 
the  high-vacuum  tube,  might  help  to  substantiate  the  statement  that  the 
effect  is  from  ultra-violet  rays,  as  they  are  given  off  more  freely  from  the 
low-vacuum  tube.'- 

Halloi>eau  and  Gadaud'  call  attention  to  the  sclerogenic  action  of 
the  X-ray,  to  which  they  properly  attribute  the  ungual  dystrophies  and 
the  vascular  dilatation  produced  thereby. 

Herzog*  treated  transplanted  sarcomas  in  two  rats.  The  skin  over 
the  tumor  became  necrotic  in  each  case.  In  one,  the  tumor  changed 
to  a  cyst  filled  with  a  perfectly  clear  fluid  material,  and  after  the  fifth 
exposure  the  whole  tumor  came  away,  leaving  a  clean  surface. 

Walker*  has  studied  sections  of  rodent  ulcer  healing  under 
treatment  by  the  X-rays,  and  describes  the  new  growth  as  undergoing 
fibro- myxomatous  degeneration. 

Blackmar*  concludes  that  the  X-rays  cause  a  breaking  down  of 
malignant  and  non-malignant  growths,  the  disintegrated  material  being 
absorbed.  He  considers  the  waste  products  from  a  rapidly  disintegrating 
cancer  exceedingly  dangerous  when  thrown  into  the  general  system, 
unless  the  patient  is  in  vigorous  health. 

*  Australasian  Med.  Gazette,  May  20,  1902. 

*  American  Journal  of  the  Medical  Sciences,  July,  1902. 
»La  Presse  MM.,  July  16,  1902. 

*  Journal  of  Medical  Research,  June,  1902. 

*  British  Med.  Jour.,  May  10,  1902. 

•American  Electrotherapy  and  X-Ray  Era,  May,  1902. 
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KixfMi'  bdieraatfaat  OecAet  aC  OMbXria^io  (he  core  of  disease 
ii  due  to  »  primary  cheitMl  wctioii,  ■ifectiiigiiitnni  the  metabolic  pro- 
eeMM.  StedaiBMthat  onder  propo- eonditioiis  the  X-ra}^  baihl  op  Ua- 
■1^  inivoof  ofwhiehlieeiteBUieeueofsyoiu^iroiuaii  suffering  from 
aolarged  axillary  ^anda.  In  six  we^a,  Uw  neA,  shoaldenv  t^faest,  sud 
tin  ant  lifting  niin  liii  rlfn  rlrnitrt  nn  mirVniTlj  tTiit  Ihe  patient  aflerward 
deriied  the  oppoaite  aide  treated  in  order  to  reatora  symmetry. 

Beek*  aUteettaat  an  adeno-caretDoma,  snl^jeeted  to  the  X-ray  treat- 
Bent,  ghowed  bfgiming  eoHold  d^enentitMi,  chaises  of  the  same  oatore 
beiui;  observed  in  the  epillieliiim  <rf  the  skin  oovering  the  tumor.  Speci- 
meos  of  the  affected  skin  showed  thickoiiiig  of  the  iuuiua  of  Uw  ammH 
Uood-TeHselB ;  flbroos  tiasne  in  t^cnlar  amagement  being  d^Kisited. 
fHie  same  obaerrer  elsewhere  states  that  be  regards  as  most  importent,thft 
mdritiTe'  changes  in  the  walls  of  blood-venels  and  the  reanltH  inoideiit  to 


Loeb,*  after  seven  exposares  of  ten  minntee  each  during  deren  daya, 
tnusplanted  sarcoma  in  a  rat  and  fbnqd  mitoses  in  the  cella  The  tumor 
eontiniied  to  grow,  and  pieces  from  it  were  sacceadiilly  transplanted  into 
other  rata.  D^enerative  changes  were  pree^it  in  the  centi«  of  the  to- 
mor,  but  Loeb  bdieves  that  these  changes  occur  in  many  tumors  without 
ezposnre  to  the  rays. 

A.  a.  Ellis,*  in  r^srd  to  tissne  changes,  occasioned  by  the  'X.-rwyt, 
reports  upon  the  findings  in  fonr  cases,  which  were  carefully  esunined. 
He  obser\-ed  necrosis  of  cells  and  trabecnls  of  a  varying  d^ree.  There 
was  also  marked  fatty  degeneration,  lu  three  cases  there  was  iucrease  of 
elastic  tissue  before  and  after  exposure.  In  one  case  there  were  fewer 
areas  of  lymphocytic  infiltration  after  exposure,  a ud  about  equal  numbers 
before  and  aller  in  others.  A  tendency  to  occlusion  of  the  vessels,  by 
deposits  ou  their  inner  Kurfaees,  was  marked  in  some  eases.  Entire  abseuce 
practically  of  infiltration  of  polymorphouaclear  leucocytes  was  noted. 
These  findings,  he  remarks,  hardly  warrant  conclusions,  but  a  fev 
thoughts  suggest  themselves.  The  blood  vessel  changes,  on  which  Beck 
and  others  lay  stress,  seem  hardly  to  account  for  the  accompaaying 
tissue  necrosis,  though  eudart«ritis  is  probahly  induced  by  the  X-rays, 
He  thinks  the  possibility  is  suggested  of  their  being  similar  lesions  from 
the  same  influence  instead  of  standing  in  relation  of  cause  and  effect 
The  presence  of  immense  numbers  of  cocci  and  bacilli  in  the  tissaes  id 
one  case  after  twenty  exposures,  would  argue  against  the  bactericidal 
power  of  the  rays.  It  should  t>e  said,  however,  that  the  pathogenicity  of 
these  organisms  was  not  proven. 

'  Medical  Record,  May  24,  1902, 
'  New  York  Med.  Journal,  May  24.  Ift02. 
•Journal  of  Medical  Research,  June,  1902. 

<  A.  G.  Ellis,  in  American  Journal  of  the  Medical  Sciences,  January,  1903,  Irom 
which  many  of  the  above  statements  have  been  taken. 
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Yose  and  Howe/  from  a  study  of  the  eflfects  of  X-rays  on  cancer, 
believe  that,  "  Cutaneous  cancer  treated  by  the  X-rays  undergoes  degene- 
ration not  peculiar  to  this  form  of  treatment  or  distinguishable  histologi- 
cally from  degeneration  from  other  causes.  The  vascular  changes  are 
limited  to  an  endarteritis ;  new  formation  of  blood-vessels  occur,  if  heal- 
ing takes  place,  as  in  the  process  of  repair  elsewhere ;  there  is  an  increase 
of  elastic  tissue.  Taken  as  a  whole,  the  clinical  eases  show  that  the  only 
cure  of  cancer  by  the  X-ray  is  by  destruction  and  exfoliation.  This  at 
once  limits  its  value  to  superficial  cases.  This  destructive  process  is  a 
slow  one,  and  acts  very  superficially ." 

^Journal  of  Medical  Research,  Boston,  January,  1905. 


CHAPTER  IV 

TBOHNin  OF  RONTGEN  EAY  TilEBAPY. 

The  production  of  a  dermatitis,  the  result  of  the  use  of  the  X-raya 
OS  a  diagnostic  measure,  early  saggested  the  possible  v.iliie  of  the  new 
i^eut  for  therapeutic  purposes,  Treatmeut  irith  the  X-rays  depends 
largely  upon  the  character  of  the  lesion.  Thus  the  same  method  of  ti-eat- 
ment  would  be  of  no  avail  if  applied  indiscriminately  to  the  lualigaant 
and  benign,  to  the  superficial  and  to  the  deeper  tissues,  etc.  Efl'ective 
techuic  in  treatment  is  dependent  not  only  upon  a  good  understanding  of 
how  to  use  effective  apparatus  accm-atcly,  'but  also  upon  the  experience 
and  ability  of  the  operator  to  apply,  to  each  individual  case,  the  qualitj' 
and  dose  that  that  particular  case  demands. 

In  observing  the  progress  of  diaeii.'^,  so  far  as  a  cure  is  concerned, 
and  also  for  comparati  re  study  .of  several  diseases,  a  life-sized  photograph 
of  the  affected  area  should  be  taken  before  the  actual  treatment  is  com- 
menced. The  plate  employed  should  be  isiK'hromatic  in  type,  in  order 
that  the  color  value  of  the  tissues  may  l>e  reoonk'd  as  exactly  as  possible. 
To  lie  iM!curate  all  these  photographs  should  i>e  taken  in  precisely  the 
same  manner.  The  prints  made  from  the  I'csulting  negatives  ehonld  be 
of  ctpml  den.sity. 

When  an  open  wound  is  to  be  treated,  care  must  be  exercisc-d  uot  to 
infect  it ;  if  it  is  well  protected  by  a  sterile  dressing,  this  should  not  be 
removed,  nnle^  ointments  are  smeared  thereon  which  might  offer  ob- 
struction to  the  rays,  sucli  as  zinc  oxide,  boric  acid,  bismuth,  iodoform, 
etc.  I  would  urge  that  all  lesions  be  covered  with  several  layers  of  gauze 
while  treatmeut  is  in  progress. 

I.  Apparatus  and  Method  of  Treatment. 

The  apparatus  necessary  for  intelligent  and  effective  treatment  is 
practically  the  same  as  that  employed  for  skiagraphic  purposes.  The 
current  for  exciting  a  tube  is  generated  by  a  static  machine,  an  induction 
coil  of  the  Ruhmkorff  tyi>e,  or  a  Tesia  high-frequency  apparatus.  Some 
operators  prefer  the  static  machine,  believing  that  it  does  not  produce  a 
dermatitis,  but  this  has  been  proved  a  fallacy.  Regarding  the  size  of  the 
coil  for  therapeutic  purposes,  one  that  is  of  seven  or  eight  inch  (18  to  20 
cm.)  spark  producing  power  will  suffice. 

When  using  a  coil  for  therapeutic  purposes,  the  frequency  of  pro- 
longed exposures,  often  required,  is  liable  to  injure  the  insulation  of  the 
coil.  It  is  considered  advisable  to  switch  off  the  current  and  allow  the 
coil  and  the  tube  to  cool  every  ten  or  fifteen  minutes,  during  prolonged 
420 
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Fio.  211,— PiFFARU  TreatheKT  TL'BE.— Tbs  whole  lube  Is  Blade  u[  lead  glus.  except  at  Ihelowe 
iitiiK.  to  permit  [he  pAssage  of  Ihe  niyi  (or  thenpeulic  purpowsi.  Tbi*  la  a  prot«clive  meuuro  to 
ufJtiniior,  BDd  also  llmlu  the  area  liradlaled. 


Ftn.  Z12.— The  Bi-Catbudb  Tt'BE  or  Koca  or  DitisniN.— Koch  aM«ru  Ihni  where  mueh  In- 
leree  ourtent  must  ho  overcome.  Ihia  tube  acta  both  aa  an  X-mjr  and  a  ventril  tube.  He  believes  thai, 
the  anode  belnj?  of  a  he&ry  deflUcQt  ^  large  quantify  of  current  may  he  employtd  w1  ~  ^ 
eipcsure.    (Kny-ScbeererCo.) 


Fio.  ais,— The  Ksv-aHE«KER  Ttbk.— The  anode  I»  placed  Into  Ihc  tubular  ejilenslon.  the  lallei 
being  eiicaied  by  a  cylinder  of  lead-flux  glaES.  A  set  of  t»o  spetula  of  lead  glaaa  (urtbet  aerra  to 
locallia  the  X-nys. 
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treatment;  but,  the  current  being  of  email  amperi^e,  the  iiyary  fc 
coil  at  most  would  be  slight.  The  mechanical  or  the  liquid  iuterrupter 
mny  be  employed,  but  the  mechanical,  being  the  cleaner  and  easy  of  mauip- 
ulatioD,  is  commonly  used.  The  electrolytic  interrupter  has  met  witli 
littlo  fovor,  as  the  euormoiis  current  transmitted  to  the  primary  is  totally 
uiiiiecessary,  and  is  detrimental  to  the  life  of  the  tube  and  the  coil. 

Cbookks  Tube. 

The  tubes  employed  for  therapeutic  purpases(Fig5,  211,  212,  213. 
and  214)  are  practically  similar,  in  degree  of  vacuum,  to  those  employed 
for  diagnostic  pui-poses.  They  are  self- regulating,  or  those  in  which  the 
vacuum  can  be  altered  by  automatic  appliances.  Tubes  are  also  classified 
according  to  their  degree  of  vacuum,  as  "aoft,"  "medium,"  aud  "hard," 
The  rays  coming  from  a  tube  of  low  vacnam  produce  an  early  and  ^^)id 


Fio.  214.— Dr.  J.  BoDwntbol'*  tube  for  thenpeusis.  u  employed  by 


tissue  change.  WTien  a  softer  tube  is  employed  more  tissue  change 
results,  because  under  such  conditions  the  mys  are  considerably  less 
I)enetrating  and  more  readily  absorbed  by  the  tissues,  than  with  a  hard 
tube.  This  is  the  accepted  view  of  most  X-ray  operators.  When  the 
suspected  lesion  is  deep-seated,  as  in  cases  of  carcinoma  of  the  uterus, 
stomach,  or  abdomen,  a  "medium"  lube  should  be  used.  The  connec- 
tion of  the  Crookes  tube  with  the  oscilloscope  is  explained  at  Fig.  215. 

PHOTECnON  OF  HEALTHY  PaETS, 

Prior  to  the  application  of  the  rays  (as  in  cases  of  superficial 
ulcers,  epithelioma,  etc.)  the  surrounding  normal  tissue  should  be  pro- 
tected against  the  influence  of  the  rays.  This  may  be  accomplished  by 
shielding  the  surrounding  integument  bj'  leaden  sheets,  A  of  an  inch 
(1  mm.)  in  thickness,  covered  with  adhesive  plaster,  and  grounded,  in 
which  an  aperture  has  been  cut,  to  {)ermit  the  passage  of  the  rays. 
The  aperture  should  be  of  the  same  size  as  the  superficial  lesion.     Thifi 
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precaution,  however,  does  not  apply  to  lesions  that  are  deep-seated,  the 
ri.sk  of  setting  up  an  integumentary  inflammatiou  weighing  but  little  in 
comparison  with,  the  gravity  of  the  condition. 

An  iagenious  device  ia  the  protective  tube  shield,  which  conforms  to 


FiQ.  21.'i.— Connection  of  the  Ti*be  *nd  Villakr  Vai.vb  with  tbb  OeciLLOSCopt— Pl^nl,  of 
Hew  VoTk.  11SC9  the  oscllloaoopc  en  an  Index  ol  (he  itiveiw  current.  Wbcii  tbe  Inrerae  current  Ib  eicm- 
Bli-e.  iTlolel  glovr  will  a[>i-t-ai  on  lio(h  (L'Tminalg  of  the  oscllloacope ;  It  the  current  lannlillrecllonBl  the 
glow  will  bemanlteat  only  on  one  tcrmloalof  (he  oacilloKXipc.  The  oscilloscope  Iain  reality  a  OeiiBler 
bulb. 


the  size  and  shape  of  the  Crookes  tube,  and  is  provided  with  different 
sized  cylinders,  or  localizers,  allowing  either  a  large  or  small  surface  to  be 
acted  upon  by  the  rays. 
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Position. 

The  position  of  the  tube  is  of  little  imporUtiw.  extiept  that  th* 
auudal  field  must  face  the  lesion.  The  satisfactory  applicutioD  of  the  rays 
tu  such  conditions  as  c:ircinoma  of  the  cervix  uteri,  diseiuies  of  the  oral 
cavity,  the  larynx,  stomach,  and  rectum  ia  a  matter  of  much  difficulty.  If 
the  tube  is  placed  within  a  cavity,  or  in  such  a  position  as  to  send  the 
rays  directly  to  the  Beat  of  the  lesion,  better  results  are  to  be  expected 
than  if  the  rays  iieed  peneti'ate  some  intervening  tissue.  For  this  i-easou 
tubes  of  s^iecial  shape  ha^■e  been  designed  by  Caldwell  of  New  York, 
and  Cossar  of  London,  for  the  express  purpose  of  ti-eating  diseases  uf 
the  rectum,  vagina,  ntid  oral  Ciivity.  The  tube  devised  by  Caldwell 
has  a  long  cylindrical  projection  which  fits  iuto  a  metallic  protector. 
The  latter  has  an  opening  whicii  corresponds  to  the  ai-ea  undergo- 
ing treatment.  The  Cossar  lube  is  constructed  of  lead  glass  com- 
paratively opaque  to  the  rays,  except  iit  the  end  of  the  projection, 
which  is  made  of  ordinary  f;laas,  and  permits  the  rays  to  reach  the 
diseased  area  only. 

Distance  of  the  Tubk. 

The  distance  of  the  tube  from  the  part  depends  upon  the  quality  of 
the  tut)e,  upon  the  size  of  the  area  to  be  treated,  and  whether  a  rapid 
reaction  is  desired  or  not.  It  is  measured  from  the  target  of  tlio  tube  to 
the  exposed  surface.  The  nearer  the  tube,  the  more  intense  the  action. 
Theoretically,  some  claim  that  the  distjince  of  the  tube  from  the  part 
should  be  directly  as  the  height  of  its  vacuum  and  inversely  as  the 
distance  of  the  part  to  be  affected  is  from  the  surface.  Some  operators 
prefer  a  short  distance  with  short  or  less  frequent  exposures.  This  I 
believe  to  be  a  matter  of  personal  experience,  and  can  only  be  deter- 
mined by  a  most  careful  study  of  each  and  every  ease  seeking  treat- 
ment The  anode  of  a  hard  tube  -■ihould  usually  be  placed  from 
twelve  to  fifteen  inch&'i  (30  to  38  cm.)  from  the  surface,  and  a  soft  tube 
from  six  to  eight  inches  (15  to  20  cm.)-  On  the  other  band,  the  tube 
should  lie  placed  nearer  to  the  body,  the  farther  the  diseased  part  is  from 
the  suriace. 

Dr.  Williams.  Newcomet'  has  devised  a  frame  covered  with  lead, 
containing  openings  in  three  of  its  sides,  and  employed  by  him  for  X-ray 
therapensis.  The  sizes  of  these  windows  may  be  modified  by  the  iusertion 
of  few  or  many  lead  diaphragms.  The  Crooks  tube  is  placed  within  the 
frame,  with  the  active  hemisphere  directed  towards  the  openings.  As 
three  patients  can  always  be  treated  simultaneously,  much  time  is  saved 
by  this  device.  But  patients  must  be  selected  that  demaud  the  same 
quality  of  the  rays,  as  exemplifie<l  in  large  hospitals. 

'  American  Medicine,  Match  5, 1004. 
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Dr.  H.  P.  Wells,  of  St.  Louis,  has  very  kindly  sent  me  the  following 
description  of  his  ingenious  method,  for  the  multiple  connection  of 
Crookes  tubes  in  series,  as  a  means  of  economy  of  time  and  current. 

'^  It  has  been  found  piuctical,"  he  writes,  ^*  to  connect  in  series  more 
than  one  Crookes  tube  to  be  operated  from  a  single  coil  or  static  machine, 
and  thereby  increase  the  usefulness  of  such  equipment  to  meet  the  needs 
of  those  doing  much  clinical  work  and  with  whom  the  question  of  time 
and  expense  are  matters  of  consideration. 

^'The  tubes  are  connected  so  as  to  maintain  the  proper  direction  of 
flow  of  current  in  both  of  them,  that  is,  the  anode-terminal  of  one  tube 
is  connected  to  the  cathode-terminal  of  the  second,  etc. 

*^It  is  hardly  practical  to  use  more  than  two  tubes  on  the  average 
coil  or  static  machine,  as  the  resistance  and  consequent  strain  on  the 
machine  increases  by  arithmetical  progression  with  the  number  of  tubes 
in  the  circuit. 

^*It  is  possible  to  maintain  each  tube  at  any  desired  resistance  by 
adjusting  the  shunt  spark-gap  on  the  regulating  device  of  the  tube,  each 
tube  regulating  itself  Independently  of  its  fellow. 

''The  only  apparent  difficulty  in  the  way  of  the  multiple  connection 
of  the  tubes,  is  the  strain  thrown  on  the  interrupter,  especially  of  the 
mercury  jet  type.  I  believe  that  a  perfected  form  of  mechanical  inter- 
rupter will  prove  least  troublesome  and  give  the  best  results  under  the 
higher  resistance  in  the  secondary. 

''Economy  of  current  is  effected,  because  we  use  the  latter  in  the 
second  tube,  which  ordinarily  is  dissipated  in  the  form  of  heat  in  the 
rheostat  when  only  one  tube  is  used.- ' 

This  method  has  also  been  employed  in  the  London  Hospital,  where 
they  also  run  a  series  of  coils  from  the  same  interrupter  and  on  the  same 
primary  current. 

The  Duration  of  Each  Exposuke. 

This  depends  on  whether  a  coil  or  static  machine  is  used,  and  upon 
the  patient's  susceptibility  and  the  character  of  the  case.  Operators  differ 
in  the  length  of  time  of  exposure.  Some  resort  to  frequent  but  short 
exposures  with  ascending  doses,  others  employ  longer  but  less  frequent 
exposures.  If  the  integument  remains  normal,  the  stances  are  length- 
ened, twenty  minutes  being  the  maximum.  All  other  things  being  equal, 
the  usual  time  of  exposure  with  a  coil  is  less  than  with  the  static 
machine. 

Frequency  of  the  Exposure. 

This  depends  upon  the  character  of  the  lesion,  the  rapidity  of  action 
desired,  the  length  of  each  exposure,  the  susceptibility  of  the  patient, 
and  on  the  distance  of  the  tube.     At  the  very  beginning  of  treatment, 
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it  is  advisable  to  expose  the  patient  two  or  three  times  a  week  for  the 
first  two  weeks,  and  then  to  discontinue  treatment  for  a  similar  i)eriod, 
watching  in  the  interval  for  the  development  of  any  untoward  symptoma 
Some  prefer  to  give  a  treatment  every  other  day,  asserting  that  this  pro- 
cedure is  productive  of  the  best  results.  This  necessitates  very  close 
watching  of  the  patient's  susceptibility,  but  if  caution  is  observed  not  to 
over-expose  the  seat  of  disease,  then  the  applications  may  be  brought 
more  closely  together  for  almost  an  indefinite  length  of  time.  Periods 
of  rest  for  tissue  restoration,  other  than  that  just  mentioned,  should 
never  be  attempted,  as  under  this  plan  all  is  lost  that  may  have  been 
gained  through  the  treatment  of  the  previous  days  or  weeks. 

Filters. 

Concerning  the  law  of  the  absorption  of  the  Rontgen  rays,  Walters' 
finds  that,  after  these  rays  pass  through  silver,  palladium,  cadmium, 
zinc,  and  antimony ,  they  are  soft  instead  of  hard.  In  other  words, 
these  metals  absorb  the  hard  I'ays,  while  aluminium,  copper,  and  the 
metals  at  the  extremes  of  the  scale  of  atomic  weights  absorb  the  soft  rajs. 
The  second  layer  of  any  specified  substance  absorbs  less  rays  than  the 
first.  This  principle,  he  believes,  can  be  applied  practically  in  inter- 
posing a  substance  similar  to  the  skin  in  the  treatment  of  deep-seated 
growths  without  sacrificing  the  skin. 

Drs.  G.  E.  PfahhT  and  J.  F.  Sebambeig'  conducted  a  series  of 
experiments  upon  rabbits,  in  which  use  was  made  of  silver,  leather,  and 
aluminium,  for  the  purpose  of  estiiblishing  their  values  as  filtere.  Tbey 
fonnd  leather  of  decided  advantage  for  filtering  out  the  soft,  medium,  and 
hard  rays.  They  were  impressed  with  the  fact  that  the  susceptibility  to 
the  ravs  varied  in  ditfi^rent  animals,  which  doubtless  is  also  true  of  man. 
It  has  been  my  practice  for  some  time  pitst  to  employ  aluminium  and 
leath(»r  filters,  but  I  decidedly  prefer  the  former. 

The  Dosage. 

By  ^'  dosage'-  is  meant  the  quantity  and  quality  of  the  Rontgen  rays 
used  during  each  exposure.  This  depends  upon  whether  the  condition  is 
superficial  or  dctep,  malignant  or  benign.  Some  believ^e  in  exposing  the 
part  until  tanning  or  bronzing  occurs,  but  in  dark-skinned  individuals, 
in  negroes,  and  in  mucous  membranes  no  tanning  is  observed ;  hence  in 
these  instances  this  sign  cannot  be  depended  upon.  I  have  noticed  that 
itching  often  indicates  the  beginning  of  a  reaction  within  the  tissue. 
If  the  treatment  is  continued  after  the  development  of  these  signs, 
erythema,    vei^ication,    or    dermatitis     may     develop,    whereupon    the 

■  Fortschrittc  iiiif  <leni  ( u'biete  dor  Koiitgenstrahlen,  lierlin,  April  13,  1905. 
'Journal  of  tl>c  American  Medical  Association,  September  15,  1906,  p.  888. 
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operator  should  cease  treatment.     These  effects  do  not  necessarily  mean 
carelessness  on  his  part  and  may  occur  in  most  skilful  hands. 

Although  the  clinical  manifestations  are  a  guide  in  determining  the 
amount  of  reaction  obtained,  yet  they  do  not  indicate  the  exact  amount 
of  the  X-rays  used.  The  possible  methods  of  determining  the  "  dosage" 
are  fully  detailed  and  discussed  in  a  special  section. 

II.   Methods  of  Measuring  X-Ray  Dosage. 

Since  Eontgen's  discovery,  scientists  have  lacked  a  practical  and 
exact  unit  of  X-ray  dosage.  The  establishment  of  a  standard  unit  is 
difficult,  because  of  the  idiosyncrasy  of  the  patient,  and  because  no  one 
can  make  any  positive  statement  as  to  the  number  of  treatments  that 
any  one  case  may  demand,  the  personal  equation  entering  so  .largely  into 
the  consideration.  We  cannot  deduce  the  amount  of  physiological  and 
biological  action  of  the  rays  on  the  tissues  by  the  measurement  of  their 
chemical  and  physical  properties.  The  question  arises :  What  standard 
shall  we  adopt,  so  that  the  unit  may  be  accurate,  practical,  and  precise  t 
Recently  the  Rontgen  Ray  Society  of  London  appointed  a  committee  for 
the  purpose  of  formulating  a  standard  unit  for  the  measurement  of  all 
radiations;  they  arrived  at  no  definite  conclusion  and  asked  for  the 
earnest  cooperation  of  American  scientists.* 

A.  Measurement  of  Electric  Currents. 

The  Current  going  to  the  Primary  Coil. — The  voltage  and  amperage  of 
a  current  that  goes  to  a  coil  depends  upon  the  variety  of  the  interrupter 
and  the  construction  of  the  primary  coil.  The  secondary  or  induced 
current  depends  upon  the  variety  of  the  current  or  winding  of  the  coil, 
because  the  same  coil  and  interrupter  may  give  a  different  quality  of  the 
rays,  depending  upon  the  make  and  the  vacuum  of  the  tube.  Wertheim 
Salomonson's  experiments  show  that  electric  energy  is  absorbed  in  the  rhe- 
ostat and  in  the  interrupters.  Wehnelt  considers  that  30  to  80  per  cent,  of 
the  energy  derived  from  a  battery  is  absorbed  by  the  electrolytic  break. 
Salomonson's  wattmeter  showed  that  61.2  and  65.4  per  cent,  of  current 
was  lost.  Since  this  percentage  of  lost  energy  evidently  varies  under 
different  conditions  of  operation,  it  follows  that  the  induced  secondary 
current  is  not  proportional  to  the  primary  current  when  an  electrolytic 
interrupter  is  used. 

MiUiamperage  of  the  Secondary  Induced  Current, — The  milliampere- 
meter  was  first  advocated  by  D' Arson val,  who  used  it  with  a  Villard 
tube,  and  proved  that  the  production  of  X-rays  is  proportionate  to  the 
intensity  of  the  current,  and  has  shown  photographs  in  support  of  this 

*  At  a  meeting  of  the  American  Rontgen  Ray  Society  held  at  Niagara  Falls,  August, 
1906,  I  urged  the  appointment  of  a  committee  to  confer  with  a  like  committee  of  the 
Rontgen  Ray  Society  of  London,  which  was  agreed  to. 
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assertion.  The  milliamperemeter  measares  the  current  passing  through 
a  tube  ;  but  does  not  tell  us  how  much  energy  is  expended  in  the 
production  of  the  rays. 

Salomonson  asserts  that  X-ray  production  is  a  function  of  watts  ex- 
I)ended  in  the  tube  rather  than  of  the  current  traversing  it.  If  his  theory 
is  correct,  and  I  believe  that  it  is,  tlien  we  should  know  the  amount 
of  energy  or  watts  expended  in  heating  the  anode. 

The  milliamperemeter  measures  the  resistance  of  the  tube.  There 
are  degrees  of  vacuum  where  no  X-rays  are  produced,  yet  the  milliam- 
peremeter indicates  a  passing  current.  The  resistance  of  a  tube  often 
depends  upon  the  shape  and  angle  of  the  anode  (platinum),  upon  the 
surface  of  the  cathode,  and  upon  the  focal  distance  of  the  cathode.  A 
valve  tube  makes  the  current  unidirectional,  as  shown  by  the  ossilograph ; 
the  latter  also  shows  absence  of  constant  movement  in  the  needle,  whilst 
the  milliamperemeter  shows  the  slight  changes  in  the  vacuum  by  the  de- 
flection of  the  needle.  It  should  never  be  forgotten  that  the  reading  of 
the  milliamperemeter  is  not  necessarily  an  absolute  index  of  the  amount 
of  X-ray  production  in  the  tube.  Thus,  we  read  the  milliamperage  and 
we  know  that  the  current  is  passing  from  the  secondary  into  the  tube ; 
but  how  much  of  the  current  going  through  the  tube  is  expended  in  the 
production  of  the  X-rays!  So  much  depends  upon  the  make,  shape,  size, 
etc.,  of  the  tube  and  upon  the  relation  existing  between  the  cathode  and 
anode  that  the  answer  is  difficult,  if  not  impossible.  However,  Salo- 
monson ^  described  and  exhibited  a  new  instrument  for  measuring  the 
en(T<;:y  of  a  variable  current  of  high  potential.  Tlie  milliamperemeter 
usually  uschI  for  measuring  the  current  in  the  seqondary  circuit  indi- 
cates the  mean  current,  whereas  what  we  really  requiie  is  the  mam 
square  value,  and  with  an  oscillating  current  these  two  valuers  are  not 
proportional. 

The  dilatonieter  devised  bv  Professor  Salomonson  measures  the 
energy  expended  in  the  secondary  circuit  directly.  It  consists  of  a 
paralhn  oil  thermometer,  which  is  heated  by  the  current  passing  through 
a  shite  resistanc(^  Slate  has  a  high  and  fairly  constant  electric  resistance. 
The  heating  etfect  of  even  a  small  current  is  therefore  readily  api)reci:i- 
ble.  The  heat  is  communicated  to  the  surrounding  parafhn,  and  the  con- 
sequent expansion  in  the  paraffin  is  shown  in  a  capillary  tube  attached  to 
the  vessel.  The  rise  of  the  meniscus  in  this  tube  will  therefore  Ik^  a 
me^asure  of  tlie  total  energy  expended  in  the  circuit  during  the  time  the 
current  has  passed  through  the  resistance.  The  dilatonieter  sums  uj)  the 
values  of  the  ener^v  for  each  instant  since  the  curient  was  started;  its 
readings  will  therefore  be  proportional  to  the  mean  square  of  the  curirut, 
and  tin*  rise  of  the  meniscus  i)er  unit  time  will  give  the  mean  square 
intensity  of  the  current.     The  dilatometers  are  standardized  by  means  of 
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an  electro-dynamometer  and  a  stop-watch,  a  small  steady  current  being 
passed  through  the  two  instruments. 

Experiments  with  these  instruments  showed  that  the  efficiency  of  a 
Ruhmkorff  coil  is  the  same  for  all  intensities  of  current  in  the  primary, 
2)romded  that  the  resistance  in  the  secondary  circuit  remains  unaltered, 

Spintermeter. — Measuring  the  length  of  the  spark-gap  (parallel)  on 
the  secondary  coil  or  induced  current  was  the  earliest  method  employed. 
The  length  indicates  the  internal  resistance  of  a  tube  to  the  passage  of 
the  current;  the  longer  the  spark-gap  the  higher  will  be  the  vacuum. 
But  it  is  a  fact  that  the  variation  in  the  supply  of  current  in  the  primary 
coil  or  interrupter  will  change  the  length  of  the  spark-gap,  with  the  same 
tube  in  circuit.  The  pointed  rods  of  the  electrodes,  the  composition  of 
the  rods,  the  atmospheric  conditions,  such  as  moisture,  etc.,  the  construc- 
tion of  the  coil,  interrupter  etc.,  the  source  of  current  and  also  the 
amount  of  the  current,  will  alter  the  length  of  the  spark-gap.  Two 
different  tubes  with  the  same  current  and  same  spark-gap  may  give 
different  degrees  of  radiation,  because  the  size  of  the  electrodes  may  be 
different  and  different  metal  may  be  used,  etc.  B6cl6re,  of  Paris,  em- 
ploys a  graduated  rod  capable  of  sliding  to  and  fro.  On  this  scaled 
bar  he  observes  the  number  of  inches  or  centimeters.  This  is  a 
convenient  form  of  measurement,  and  every  coil  is  thus  supplied  and 
is  universally  employed.  This  method  is  often  misleading,  as  I  have 
seen  a  tube  with  3-  or  4- inch  (7.5-  or  10-cm.)  spark-gap,  where  the 
rays  were  far  less  penetrating  and  in  some  instances  cathodic  rays  were 
produced. 

The  data  given  by  the  spintermeter  holds  good  only  for  the  si>ecial 
apparatus  that  the  operator  employs  and  not  necessarily  for  other  forms 
of  this  apparatus. 

B.  The  Pexetratiox  Method. 

By  this  means  we  measure  the  penetrative  property  or  quality  of  the 
rays  directly  outside  of  the  tube. 

TJie  Badiochroniometer  of  Benoist  (Fig.  216). — M.  L.  Benoist  devised 
this  instrument,  which  is  based  upon  the  principle  that  different  metals 
possess  different  degrees  of  transparency  as  regards  their  penetration  by 
the  X-rays.  A  silver  disk  in  the  centre  of  this  device  having  a  thickness 
of  0.11  of  a  millimeter,  is  used  as  standard.  Around  this  disk  are  placed 
layers  of  aluminium,  beginning  with  one  layer  and  up  to  12,  like  the  dial 
of  a  clock.  These  12  sectors  are  designated  by  lead  numbers,  so  that  one 
can  recognize  them  by  their  position  without  seeing  the  number.  This 
apparatus  can  be  used  either  with  the  fluoroscope  or  on  a  photographic 
plate.  One  of  the  sectors  will  match  the  tint  of  the  central  disk.  A 
lead  diaphragm  is  provided  for  bringing  one  sector  into  view,  and  the  dia- 
phragm is  then  rotated  until  the  tint  of  the  sector  corresponds  to  the  tint 
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of  the  centre.  M.  Benoist'  iiiiprove<l  upon  tliis  apparatus.  Hia  device; 
resembles  a,  telescopic  arrangement,  whereby  the  numbers  and  the  lints  oa 
the  screen  appear  enlarged ;  it  is  also  furnished  with  a  glass  to  protect 
the  operator  while  testing  the  rays.  By  rotating  the  lead  diaphragm  ona  ■ 
can  examine  each  sector  successively.     Dr.  Geo.  PfahJer '  places  a  mirror 


at  an  angle  of  45  d^rees,  utilizing  the  principles  of  the  reflecting  flnoro- 
scope  (Figs.  217,  218),  thus  preventing  the  rays  being  directly  projected 
apon  the  face  or  hand,  and  in  this  way  minimizing  the  danger  of  bams. 
Dr.  Lacaille'  has  devised  an  apparatus  which  is  simply  a  Benoist  radio- 
chroiDomet«r  associated  with  a  lunette,  of  similar  disposition  to  that  need 
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by  Braudt  iu  his  posoraeter.    Sach  a,  lunette  Is  formwlof  two  parta:  a  box 
6x8x10  centimeters  and  an  eye-picceplace<i  close  to  it  at  an  angle  of  45°, 
The  box  in  hia  apparatus  presents  two  inttresting  points:  (1),  on  the 
bottom  and  placed  at  an  angle  of  45°  is  a  miiTur  in  which,  when  looking 
throngh  the  tube,  one  can  see  the  inferior  enrface  of  the  upper  wall  of  the 
box;  on  said  inferior  surface  is  affixed  a  pasteboard  disk  covered  with 
barinm  platino-cyanide;  (2),  on  the  superior  surface  of  the  same  npper 
wall,  exactly  above  the  platino-cyanide  disk,  is  the  nwliochroraomet«r,  the  . 
shade  of  which  is  projected  by  the  X-rays  on  the  little  screen,  and  reflected  | 
in  the  mirror.     With  snch  a  disposition  the  operator  is  not  directly   i 
exposed  to  X-rays. 

All  radiochroniometera  give  only  penetration  power,  btit  we  know  J 
that  there  is  a  great  difference   between  the  penetration  and  fluores-  1 
cence,  and  also  l>etween  photographic  (cheniiciil)  and  physiological  (ther- 
apentic)  effects. 

SkiamHrra  and  Penetroiiielers.—The  principle  of  these  devices  consists   | 
in  the  use  of  an  obstacle  to  the  pass^e  of  the  rays.     (Fig.  219.)     Many 
different  metals  have  been  used  to  determine  the  penetrative  power  of  the 
rays,  bnt  as  with  Benoist's  de- 
vice these  forms  of  apparatus 
do  not  indicate  the  intensity 
of   the  rays.     Two    different 
tubes    which  have  the  same 
penetrative  power  may  differ 
in  their  chemical  ami  phyHiu- 
logical  effects. 

Crypto -radiometer  of  Welt- 
nelt. — This  apparatus  (Fig. 
220)  consists  of  a  fluoros(!ope 
with  a  sliding  or  telescopic 
arrangement  and  provided 
with  a  sheet  of  lead  to  pro- 
tect the  band  of  the  operator 
and  a  single  "V"-sh.ij>ed 
piece  of  metal  which  grad- 
ually increases  in  thickness. 
It  is  claimed  by  Wehnelt  that  his  appanitua  is  more  accurate  and  allows  1 
of  a  wide  range  of  comparison  because  of  the  M'edge-shaped  character  of  I 
the  piece  of  aluminium. 


Fri).  220.— Crypio-miJ  loan 


C.  The  Phybico- chemical  Method. 

Because  of  its  accuracy  and  precision,  I  believe  that  physico-chemical 
measurement  more  nearly  approaches  the  ideal  than  the  other  procedures 
in  vogue.     This  method  has  been  ably  illustr.i(ed  by  Ilolzknecht. 
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based  liis  theories  and  coDstmcted  his  apparatus  upon  the  principle  that 
certain  salts  suffer  a  change  of  color  when  exposed  to  the  cathode  rays. 
Other  substances,  when  heated  and  irradiated,  undergo  a  change  of  color, 
as  the  chloride  of  lithium,  which  becomes  a  greenish-yellow,  and  carbon- 
ate of  potassium,  which  changes  to  a  heliotrope.  On  exposure  to  the  air, 
or  at  a  high  temperature,  the  colors  of  these  salts  are  seen  to  disappear. 
He  also  proved  that  X-rays  and  Becquerel  rays  possess  this  property,  and 
that  they  are  all  transformed  into  ultra-violet  i*aysat  the  point  of  impact 
with  the  surface. 

Chromoradiometer  of  Holzknecht, — Guido  Holzknecht,  of  Vienna,  pre- 
sented this  device  for  the  consideration  of  the  profession  in  1902.  Holz- 
knecht's  studies  on  this  subject  led  him  to  fuse  certain  salts  and  to 
expose  them  to  the  action  of  the  rays.  He  employs  a  sms^  capsule  con- 
taining the  reagent  covered  with  celluloid.  This  Feagent,  which  is  color- 
less and  whose  composition  has  heretofore  been  kept  a  secret,  has  been 
analyzed  by  a  French  chemist,  Mr.  Lind/  and  M.  Bordier  describes  it  as 
follows :  ^'  The  reagent  consists  of  99. 77  per  cent,  potassium  sulphate,  the 
remainder  being  potassium  sulphite  or  hyposulphite,  or  possibly  potassium 
tri-,  tetra-,  or  penta-thionate.  The  mixed  mass  is  impregnateil  and  held 
together  with  copal  varnish.  This  capsule  (which  is  placed  over  the  cuta- 
neous area  to  be  treated)  has  a  dirty-yellow  color  due  to  the  copal  vamish, 
and  under  the  influence  of  the  X-rays  the  color  changes  to  a  greenish  tint, 
gradually  becoming  deeper  as  the  quantity  of  the  rays  is  increased.  After, 
or  often  during,  the  irradiation  this  capsule  is  brou<;:ht  near  to  a  standard- 
ized scale  which  is  graduated  in  Ilolzkiu^cht  unitvS,  from  1  H.  to  24  II.,  the 
color  scale  being  graduated  from  a  greenish  yellow  to  a  deep  green,  which 
serves  as  a  standard  of  comparison  forjudging  the  color  of  the  capsule 
after  irradiation.  The  unit  is  indic^ited  l)v  H.  This  method  has  certain 
disadvantage^s  :  Th<»  treatment  is  interrupted  in  order  to  compare  the  color 
of  a  reagent  with  that  of  the  scale,  and  this  is  repeated  until  a  tint  is  ob- 
tained which  corresponds  to  the  precise  dose  re(iuired.  As  more  than  one 
sitting  may  often  be  necessary  (in  the  interval  between  the  two  exposures), 
this  reagent  nnist  be  kept  in  daikness.  This  graduated  scale  h<^lding 
the  nunil)er(Kl  capsule  is  k(»pt  in  a  light-proof  box.  Although  this  ni(»thod 
would  seem  very  correct  in  theory,  nevertheless,  in  practice  we  meet  with 
many  difficult  ies.  The  standard  scale  suffers  changes  in  color,  or  it  may 
fade  in  the  course  of  a  year.  Subsequent  to  exposure  the  capsule  gets 
daiker  and  must  be  compared  immediately.  The  comparison  of  the  cap- 
sule with  the  scale  is  very  difticult.  Diffeient  individuals  and  difleivnt 
j)arts  of  the  body  exhibit  different  degi'e(\s  of  susceptibility,  and  the 
various  diseases  disi)lay  individual  peculiarities  to  the  action  of  the  rays. 

Undiometcr  of  Sabouniud  and  Xoirc. — In  IDOt  ])rs.  Sabouraud  and 
Noire  introduced  a  method  largely  employed  in  France.     It  consists  of  a 
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small  disk  of  paper  over  which  is  spread  a  layer  of  platino-barium  cya- 
nide ;  this  salt  assumes  a  brown  color  under  the  action  of  the  X-rays.  M. 
Villard  pointed  out  that  under  the  influence  of  increasing  doses  of  the  rays, 
plantino-cyanide  passed  from  a  bright  green  to  brown,  and  at  the  same 
time  the  fluorescence  gradually  decreased.  Upon  a  two- page  leaflet  is  the 
standard-color  pastille,  marked  *  *  A ' '  (which  is  an  unchanged  green  color), 
and  another  one  marked  ^'B,"  which  is  brown,  and  indicates  the  maximum 
dose  the  skin  can  tolerate  without  producing  dermatitis,  and  causing 
only  epilation.  The  comparison  should  be  done  in  a  dimly  lighted  room, 
because,  if  the  pastilles  are  exposed  for  too  long  a  period  to  the  light,  they 
regain  their  original  green  color.  The  pastille  should  be  placed  in  a  pas- 
tille-carrier, 8  cm.  from  the  anode,  and  midway  between  the  part  under 
treatment  and  the  anode.  The  standard  color  pastille  ^*B^'  corresponds 
to  a  dose  of  10  X,  or  5  H  in  Holzknecht  units.  Sabouraud  himself  ad- 
mitted that  the  test,  however,  is  less  sensitive  than  by  the  Holzknecht 
method,  and  that  the  color  may  change  by  the  action  of  heat,  light,' 
moisture,  etc.  It  is  asserted  by  some  that  the  location  where  the 
pastille  is  placed  under  the  active  hemisphere  may  not  be  equally 
irradiated,  because  the  rays  are  unequally  distributed  over  the  active 
hemisphere. 

The  Chromoradiometer  of  Bordier. — Bordier*  describes  a  new  method, 
based  on  the  principle  that  when  platino-cyanide  of  barium  is  exposed  to 
the  rays,  it  undergoes  a  change  of  color  due  to  the  dehydrating  action  of 
the  X-rays,  also  that  the  same  discoloration  occurs  when  this  chemical  is 
placed  in  an  atmosphere  artificially  dried  by  sulphuric  acid  or  when  ex- 
posed to  a  gradually  increasing  temperature.  Under  the  action  of  light 
dehydration  may  also  occur.  He  describes  his  apparatus  and  reagent  as 
follows  :  **The  Bordier  chromoradiometer  differs  from  its  predecessors. 
The  barium-platino-cyanide,  suspended  in  a  thin  layer  of  collodion,  is 
placed  on  the  skin  itself,  or  at  all  events  in  the  same  plane  as  the  part 
to  be  irradiated.  The  pastilles  are  square,  with  a  diameter  of  6.5  milli- 
metres. The  back  of  the  square  is  adhesive,  to  facilitate  its  attachment 
to  the  skin.  A  scale  of  colors  is  supplied  with  tints  Nos.  1,  2,  3,  4,  cor- 
responding to  the  principal  reactions  required  in  radiotherapy. 

"Tint  No.  1,  a  pale  yellowish-green,  is  the  shade  that  the  pastille 
takes  when  exposed  to  the  maximum  dose  of  rays  compatible  with  the 
complete  integrity  of  the  normal  skin.  With  this  dose  of  X-rays  the  hair 
falls  out  some  twenty  days  after  exposure,  and  grows  again  within  the 
succeeding  twenty  days.  This  is  the  weak  normal  exposure  of  Kien- 
bock's,  corresponding  to  a  skin  reaction  of  the  first  degree,  accompanied 
by  temporary  loss  of  hair. 

"Tint  No.  2,  of  a  sulphur-yellow  shade,  is  that  color  the  x>astille 
assumes  when  the  skin  has  been  exposed  to  an  irradiation  calculated  to 
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produce  a  strong  reaction,  inz.  erythema,  tumefaction,  and  at  the  end  of 
the  reaction  marked  desquamation.  This  No.  2  tint  corresponds  to  a  mild 
form  of  Kienbock's  reaction  of  the  second  degree. 

*^Tint  No.  3  is  almost  of  the  color  of  gamboge.  It  corresponds  to  a 
reaction  of  the  skin  of  the  second  degree ;  it  is  a  true  dermatitis.  Latent 
period  is  eight  to  ten  days.     This  is  Kienbock's  strong  normal  reaction. 

'^Tint  No.  4  is  of  a  chestnut  color,  and  corresponds  to  a  reaction  of 
the  third  degree,  which  is  accompanied  by  necrosis  and  ulceration  of  the 
skin.  This  is  the  strongest  dose  ever  required  and  should  never  be 
applied  to  the  normal  skin.  He  obtained  tint  No.  4  after  irradiation  of 
a  specimen  of  radium  of  a  radio-activity  of  100,000  for  a  week,  at  a 
distance  of  a  millimetre  from  two  pastilles." 

Very  soft  tubes  are  not  desirable  for  these  reagents,  as  they  produce 
ultra-violet  rays  which  will  be  confused  with  the  X-rays.  He  reports 
cases  that  were  cured  at  a  single  stance.  He  believes  in  giving  one 
massive  dose  rather  than  fractional  doses,  so  common  in  this  country. 
This  method  is  also  subject  to  the  same  objections  that  I  have  mentioned 
before. 

Quaniwieter  of  Kienbock. — In  1905  Dr.  E.  Kienbock  introduced  this 
new  method  of  direct  dosimetry,  and  asserted  that,  in  1900,  he  demon- 
strated that  the  changes  noted  on  a  photographic  plate  are  an  accurate 
measure  of  the  therapeutic  dose ;  admitting,*  however,  that  Stem*  pub- 
lished a  paper   on  photo-radiometry,  and  suggested  the  use  of  photo- 
graphic films,  to  be  compared  with  a  ^*  normal  scale  ;"  but  at  that  time 
(1905)  Kieiib()ck  was  unaware  of  the  liict.    lie  describes  his  instrument  as 
follows  :^  *^My  quantimeter  (Fig.  221)  consists  essentially  of  two  parts,  a 
strip  of  photographic  paper,  which  is  easily  applied  to  the  irradiated 
skin,  and  a  normal  scale  of  graduated  tints,  with  which  it  is  to  l>e  com- 
pared.   The  paper  is  covered  with  a  sensitized  film  of  chloro-bromide  of 
silver  in  gelatine.     After  exposure,  the  strip  may  be  developed  in  a  dark 
room  or  by  means  of  a  small  light-proof  box.     The  development  can  be 
carried  on  in  daylight  iu  the  consulting  room.   The  film  is  then  compared 
with  the  standard  scale,  either  at  once  or  after  drying.     The  developing 
solution  is  of  constant  composition,  and  should  be  used  at  a  temi)erature 
of  18°  C,  or  (>4°  F.,  for  a  period  of  exactly  one  minute.     After  fixation, 
the  strip  of  paper  may  be  immediately  compared  with  the  scale.-'     The 
unit  of  Kontgen  light  which  we  call  X  is  equivalent  to  one-half  of  a  Holz- 
knecht  unit  and  to  one-tenth  of  the  Sabouraud-Noire  maximum  dose. 
The  formula  is  as  follows  :  I  S-N  maximal  dose      5  H  or  10  X. 

This  rcnigent  enables  us  to  measure  the  penetration  or  the  degree 
of  hardness  of  the  Kinitgen  light.    In  comparison  with  other  dosimetric 

*  Archives  of  the  Rontgen  Ray,  Jane,  1906,  p.  17. 
'Journal  of  Cutaneous  Diseiises,  I^ecenilxr,  1903. 
^Archives  of  the  R«")ntgen  Ray,  June,  1900,  p.  17. 


TECIINIC  OF  RONTGEN  RAY  THERAPY.  435 

mHhods,  the  quuo timet  ric  method  has  the  advantage  of  greater  exact- 
ness iuul  the  possibility  of  estimating  small  differences  of  dosage.  This 
method  gives  a  permanent  registered  record.  The  disadvantage  of  this 
method  is  the  iliiUenlty  which  is  encountered  in  comparing  and  distin- 
guishing tlie  slight  differences  of  tint  on  the  scale.  Careful  development 
is  necessary  and  always  tcdiona  When  massive  doses  are  given  the 
color  will  be  darker  and  will  be  more  difficult  for  making  comparison 
with  the  scale.  The  degree  of  the  sensitiveness  of  the  emulsion  of  the 
paper  may  frequently  differ. 

Tilt'  ,Veir  liadiometer  of  I'reund. — Freuud'a  method  wiis  used  in  1904, 
and  is  based  on  the  color  changes  occurring  iu  a  two  per  cent,  solution  of 


Fro.  221.— Kk>ab6ck'e  qiuobmelvr. 

pore  iodoform  in  chloroform.  This  solution  normally  retains  its  color 
unchanged  for  48  hours,  aud  is  so  very  sensitive  that  a  difference  of  tint 
may  be  obser^'ed  between  two  portions  of  the  solution,  one  of  which  is 
exposed  to  the  rays  for  three  minutes,  while  the  other  jwrtion  is  screened 
from  the  action.  Slight  heat  and  light  will  alter  the  color  of  the  solution, 
and,  although  this  method  is  most  accurate  and  sensitive,  the  solution  is 
too  unstable  for  practiod  and  clinical  purposes. 

The  iodoform  (CIIIi)  is  decomposed  by  the  X-rays,  with  the  libera- 
tion of  free  iodine,  imparting  a  chiret-color  to  the  solution.  Freuud'a 
solution  shows  a  change  of  tint  in  six  minutes,  equal  to  that  attained  in 
ten  minutes  by  the  use  of  Hol:tknecht's  pastilles. 
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Precipitation  Test, — Schwartz,*  of  Vienna,  demonstrated  a  method 
of  measuring  the  strength  of  the  Rontgen  rays,  based  on  the  precipita- 
tion of  calomel  in  a  mixture  of  ammonium  oxalate  and  corrosive  subli- 
mate. This  mixture  is  a  clear  fluid  which,  sheltered  from  the  light,  keeps 
indefinitely.  Exposure  to  daylight  or  to  the  Rontgen  rays  causes  the 
precipitation  of  calomel.  The  amount  of  precipitation  is  determined  by 
centrifuging  in  a  graduated  capillary  tube.  Three  millimeters  of  the 
precipitate  in  the  capillary  tube  correspond  (approximately)  to  the 
strength  of  a  Ilolzknecht  unit.  This  technic  with  the  usual  methods 
of  testing  the  strength  of  the  latter  has  the  disadvantage  of  being  a 
subjective  test  of  color. 

D.  The  Ionization  Method. 

Prof.  Rontgen,  in  his  second  announcement,  stated  that  he  had  already 
made  this  discovery,  and,  probably  prior  to  this,  J.  J.  Thomson  found  that 
the  X-rays  would  discharge  both  positively  and  negatively  electrified 
bodies,  by  exi)eriments  on  Hankers  electroscope  or  electrometer.  Thom- 
son stated  that  the  discharge  varied  somewhat  with  the  intensity  of  the 
rays  by  the  relative  luminosity  of  the  fluorescent  screen,  and  in  several 
instances  by  the  relative  darkness  produced  upon  the  photographic  plate. 
This  method  is  based  on  the  principle  that  X-rays  have  the  power  to 
ionize  the  gases  through  which  they  travel. 

The  Ionization  of  Confined  Gases. — Milton  Franklin'  states  that,  **so 
far  as  I  have  been  able  to  iiscertain,  this  method  has  not  boeii  system- 
atically used  to  measure  the  intensity  of  the  X  rays.  This  metlKxl  h;us 
been  commonly  employed  to  meiisure  the  radio-activity  of  radio-active 
substances.  Air  is  rendeied  ii  conduetor  of  electricity  by  this  ionizinj;: 
agent,  and  the  measurement  of  tlie  amonnt  of  current  flowing  through 
it,  under  given  conditions,  gives  an  absolute  index  of  the  activity  of  the 
radiation.  It  is  necessiiry  only  to  charge  the  electroscope  by  applying  a 
rod  of  vulcanite,  sealing-wax,  resin,  or  other  suitable  material,  which  lias 
been  previousl}^  electrified  by  friction,  and  then  to  time  the  transit  <»f 
the  filament  under  thc^  influence  of  X-rays.  The  rate  of  discharge  will 
vary  directly  as  the  activity  of  the  radiation.'' 

The  working  of  the  instrument  is  as  follows  : 

^*  The  electroscope  is  charged  by  having  brought  into  contact  with 
the  knob,  a  rod  of  vulcanite  which  has  been  electrified  by  friction.  The 
knob  is  brought  into  communication  with  the  filament  while  the  vulcanite 
is  in  contact,  and  released  as  soon  as  the  filament  has  assumed  a  horizon- 
tal position.  Tiie  electroscope  is  brought  to  the  same  distance  from  the 
tube  as  the  ])late  or  ])atient  (in  any  position ),  and,  while  the  tube  is  run- 
ning, the  shutter  is  opened,  and  the  time,  in  seconds,  occupied  by  the 

'  Wiener  klin.  Woch.,  May  31,  VMk 
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filament  in  transit,  is  noted.  The  number  of  seconds  is  the  exact 
coefficient  of  energy  of  the  rays,  and  when  compared  with  any  other 
reading  made^  under  any  circumstances  whatever,  with  a  similar 
instrument,  the  ratio  of  energy  of  the  two  radiations  will  equal  that  of 
the  two  times. 

^'In  this  method,  with  an  electroscope  of  the  gold-leaf  pattern, 
the  relative  activities  of  two  radiations  may  be  compared  with  great 
accuracy  and  expedition,  and  if  one  of  them  Ls  the  standard  unit  of 
activity  or  bears  a  known  ratio  to  the  standard,  the  value  of  the  other, 
in  terms  of  the  standard,  will  be  readily  deducible.  Atmospheric 
variations  must  be  taken  into  consideration.  The  number  of  seconds 
which  it  requires  for  the  filament  to  traverse  the  field,  is  the  coefficient 
of  the  strength  of  the  rays.  All  calculations  and  variations  due  to 
the  atmospheric  absorption  must  be  eliminated  at  once." 

The  Radio-active  Standard  of  Phillips, — Phillips*  utilizes  the  principle 
of  Franklin's  method  of  ionization,  and  suggests  radium  as  the  standard 
unit.  He  describes  the  modus  operandi  as  follows:  "The  method  con- 
sists in  attaching  two  similar  discharge  vessels  one  to  each  of  the  plates 
of  the  electroscope.  The  needle,  a  thin  strip  of  silvered  mica,  is  only 
electrified  inductively,  and  the  forces  acting  upon  that  end  of  it  which 
conies  to  rest  above  the  centre  of  the  gap  are  able,  when  the  rods  are 
electrified  equally,  to  produce  a  condition  of  equibirium.  The  horizontal 
rods  are  connected  with  the  standard  radium  ;  when  the  rods  are  equally 
charg€»d,  the  needle  is  steady,  but  gives  no  deflection.  *  *  *  We 
may  also  conveniently  compare  the  activities  of  various  substances,  by 
noting  the  time  taken  for  a  gold-leaf  electroscope  to  discharge  between 
certain  potentials.  To  do  this  with  anything  approaching  accuracy, 
however,  the  motion  of  the  leaf  must  be  observed  with  a  reading  tele- 
scope." He  calls  the  absolute  unit  the  Becquerel,  or  one  Curie,  while 
the  commercial  unit  might  be  appropriately  known  as  one  ''ray." 

Dr.  Henry  G.  Piffard'  takes  a  brass  ball,  about  one  and  one- 
quarter  inches  in  diameter,  and  supports  it  about  four  inches  from 
the  wall  of  the  tube  just  within  the  circle  of  rays  issuing  from  the  ante- 
rior hemisphere.  The  ball  is  then  connected  by  a  cord  about  eight  feet 
long  to  the  charging  device  of  the  electroscope.  As  soon  as  the  current 
passes  through  the  tube  the  aluminium  needle  or  foil  indicates  the 
charge,  and  the  angle  is  easily  read  off  on  the  scale.  For  this  purpose 
he  found  Braun's  electroscope  (which  is  graduated  in  volts)  or  his 
own  (which  is  graduated  in  degrees  of  an  arc)  very  convenient.  The 
angle  varies  directly  with  the  current  passing  through  the  tube,  and 
also  shows  whether  the  tube  is  running  steadily  or  not,  and  indicates 
any  notable  change  in  the  vacuum. 

*  Archives  of  the  Runtgen  Ray,  Jane,  1906,  p.  27. 
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E.  Thb  Photometric  Mkthods. 

These  methoda  consist  iii  eompaiing  tbo  fluoresconee  of  a  plattnu- 
barinm  cyanide  screen  with  an  artificial  light,  either  with  a  fluorescenoe 
produoed  by  radiam  or  a  radio-active  salt. 

The  Radiometer  of  CourUuIi: — This  instrument  consists  of  a  lead  shield 
containing  two  similar  openings,  and  covei'ed  by  a  fliioreaocnt  screeo.  The 
radium,  which  serves  as  a  standard  of  fluorescence,  is  placed  behind  oue 
aperture.  The  degree  of  fluorescence  on  the  second  screen,  produced  by 
the  X-mys,  is  equalized  with  that  of  the  standard  by  alteriug  the  dis- 
tance of  the  Crooki'8  tube.  This  distance  will  l>u  a  measure  of  the  amoaat 
and  the  quality  of  the  radiation.  This  method  is  not  thoroughly  or  ab- 
solutely correct,  because  tlie  intensity  of  the  fluorescence  of  all  the 
platino- barium  cyanides  is  subject  to  great  variations,  when  exposed  for* 
long  time  to  the  action  of  radium  or  the  X-rays. 

Tlie  Guiiivminot-CwLrtade  Method. — Founded  on  the  same  priuciple  as 
the  radiomet4>r  of  Courtade,  Guillemiiiot  employs  a  sample  of  radium  as 
his  standard  of  comparison,  whose  activity  is  50,000.  lie  considers  the 
unit  of  quantity  of  the  X-ray  is,  that  quantity  falling  on  one  square  centi- 
metre of  the  surface  in  one  minute  of  time.  This  unit  he  calls  the  nnil 
"  M."  For  example,  if  the  Crookea  tube  li:is  to  be  placed  at  a  distance 
of  .1  metres,  in  order  to  produce  au  equal  illumiiiatiou  of  the  screen, 
then  the  intensity  of  irradiation  of  the  field  at  3  metres  from  tiie  tube  i» 
said  to  be  unity.  From  this  it  is  easy  to  calculate  the  nunil>er  of  unit* 
"M"  absorbed  i)er  minute  at  a  distance  of  10,  15,  or  20  ceutimeCreL 
Thus,  in  the  at>ove  example  the  number  of  units  attsorbed  per  minute  ■( 
10  centimetres  distance  is  900,  "  M  "  -  3  metres  (300  cm. )  ;  then  "^^-^  | 
30  cm.,  therefore  30  em.  x  30  cm.  =  900,  while  at  I.")  cm,  it  is  400,  etc' 
This  is  open  to  the  many  objections  mentioned  before,  tUo  platino- 
barium-cyanide  changing  its  color  of  fluorescence,  etc  This  does  not 
fiive  us  the  amount  of  absorption  in  the  tissue,  but  we  infer  that  from 
calculations  deduced. 

The Fluorometer of  WiHiaiim. — This  instrument"  depends  upon  thedi*' 
tance  that  a  tungstate  of  calcium  screen  must  he  held  fi-oni  a  giv«i 
vacuum  tube,  in  order  that  the  illumination  from  it  may  equal  that  fniiu 
a  radio-active  substance  which  has  been  measured  by  a  staudard  soum 
of  light.  "  I  found,"  says  Williams,  "  that  when  a  tungstate  of  calcium 
screen  with  the  radium  (Cnrie)  lying  upon  it  was  placed  over  a  vacumi 
tube  in  a  dark  room,  and  the  X-i-ays  allowed  to  strike  it,  the  radium  *» 
less  bright  than  the  luminous  screen  j  but  that  as  the  screcu  was  mo^fi 
fju-ther  away  from  the  vacuum  tube,  the  brightness  of  the  screen  diuiinishtJ 
until  a  point  was  nau^hed  at  which  the  screen  was  less  bright  tiian  li* 


'  Arcliivea  of  t!ie  Rijntgea  Ray,  June,  190li, 
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radium,  and  that  then  by  gradually  approaching  the  screen  nearer  the 
vacuum  tube  a  point  was  found  at  which  the  radium  and  screen  were 
about  equally  bright. 

"I  experimented  with  several  tubes  in  this  way,  and  found  that  the 
distance  at  which  the  screen  and  the  radium  were  about  equally  bright 
was  different  with  different  tubes,  the  limit  of  variation  being  between 
10  and  41  centimetres ;  and  the  distance  was  constant  for  the  same  tube 
under  the  same  conditions.  As,  by  means  of  a  photometer,  the  amount  of 
light  given  off  by  the  radium  can  be  measured  in  terms  of  a  known  stand- 
ard, so  the  amount  of  fluorescence  produced  on  a  tungstate  of  calcium 
screen  by  a  given  tube  and  the  brightness  of  which  a  given  screen  is 
capable  may  both  eventually  be  referred  to  the  same  standard.  The 
fluorometer  may  serve  as  a  basis,  with  a  given  apparatus,  for  determining 
the  length  of  exposure  when  X-rays  are  used  as  a  therai)eutic  agent,  and 
likewise  when  they  are  employed  for  taking  radiographs." 

This  instrument  has  the  objection  that  the  durability  of  tungstate  of 
calcium  varies  with  different  tubes,  and  also  because  the  vacuum  of  the 
tube  changes  during  exposure  and  requires  constant  attention. 

The  Method  of  ContremouLina, — With  this  method,  instead  of  employ- 
ing radium,  the  standard  fluorescent  screen  is  illuminated  by  an  acetylene 
light.    This  is  open  to  the  same  objection  as  stated  above. 

Selenium  Photometer, — In  1905  Ruhmer  Levy  presented,  at  the  Berlin 
Congress,  a  new  instrument  for  measuring  the  X-rays.  A  selenium  cell  is 
clamped  in  position  at  a  fixed  distance  from  the  anode,  a  current  from  a 
couple  of  dry  cells  is  passed  through  the  selenium,  and  its  intensity  is 
read  off  on  a  milliamperemeter.  The  X-rays  alter  the  resistance  of  the 
selenium,  and  the  variation  of  the  current  is  therefore  a  measure  of  the 
quantity  of  the  rays. 

Dunham's  instrument'  consists  of  a  selenium  cell,  which  is  placed 
inside  of  a  wooden  pill-box  and  surrounded  by  tungstate  of  calcium. 
This  and  a  voltmeter  are  placed,  in  series,  in  a  direct  current  of  not  less 
than  60  volts.  When  this  is  placed  before  an  X-ray  tube,  the  tungstate  of 
calcium  is  caused  to  fluoresce  and  the  light  derived  from  the  fluorescence 
causes  the  resistance  of  the  selenium  cell  to  be  reduced.  The  fluorescence 
is  much  less  powerful  than  a  15-candle-power  lamp.  This  lowering  of 
resistance  in  the  cell  allows  the  current  to  flow  more  readily,  and  this  can 
be  directly  measured  by  a  very  sensitive  voltmeter.  The  next  instru- 
ment depends  for  its  action  on  the  fact  that  a  2-per  cent,  solution  of  iodo- 
form in  chloroform  is  very  easily  and  uniformly  affected  by  the  X-rays. 
Its  appearance  when  so  treated  varies  from  a  light  pink  to  a  very  dark 
reddish  brown.  The  second  instrument  is  as  follows :  The  selenium  cell 
and  voltmeter  are  put  in  series  as  before,  but  no  fluorescent  salt  is  used. 
The  wooden  box  is  removed  and  the  cell  placed  in  a  light,  tight  box.     The 
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resistance  of  the  selenium  cell  is  reduced  by  tlie  electric  lamp  beyond  a . 
partition.  Tlie  ligbt  must  pitss  from  a  lamp  to  the  cell  tbrough  the  bottla  { 
because  of  the  smull  aperture.  To  maJfe  this  doubly  certain  the  oi>eiiiiig^ 
is  fitted  with  a  small  cylinder  eo  that  the  rays  must  pass  as  desired. 
When  it  is  desired  to  measure  a  given  dosage,  all  that  is  necessary  to  do  » 
t«  fill  the  bottle,  place  it  in  the  box,  and  make  the  reading.  The  sulatioQ 
is  i^lenr  uud  ])raetically  all  tlio  light  passes  to  the  cell.  The  resistauoe 
drops  and  the  voltage  as  road  on  the  meter  goes  up.  The  bottle  is  now 
removed  aud  laid  on  the  surface  of  the  patieut  near  the  part  to  receivo 
the  irradiation.  After  the  treatment  it  is  quickly  placed  in  the  box  and 
the  reading  taken.  The  quantity  of  X-raya  will  lie  read  by  the  differenoa 
of  the  voltage  l«fore  and  after  the  exposure. 

Dr.  George  C.  Johnston '  takes  advaJitage  of  the  fluorescence  pr*-. 
duced  on  the  tuugstate  of  calcium  or  other  screen  as  indicating  tin 
quantity  of  the  X-rays  emitted.  The  fluorescing  screen  is  placed  in  »' 
light,  tight  box,  and  facing  it  is  a  selenium  cell.  Such  a  cell,  when  kept 
in  total  darkness,  may  bare  the  resistance  of  several  hundred  ohma,  yet 
on  permitting  light  to  strike  the  cell  resistance  fiills  almost  instantly, 
aud  this  alteration  bears  a  direct  relation  to  the  intensity  of  the  light.  If 
there  is  placed,  in  series,  with  such  a  cell  a  galvanometer  or  ammeter  of' 
sufficient  delicacy,  a  series  of  current  such  as  an  ordinary  dry  batt^aX' 
aud  a  variable  rheostat  providing  a  means  of  introducing  more  or  letg' 
obmic  resistance  into  the  circuit,  and  the  rheostat,  the  measuring  instm-l 
ment,  and  the  sdeniiim  cell  be  balanced,  the  iioiiit  will  W  fuiiml  nt  ivliich 
the  ohmic  resistance  of  the  rheostat,  the  communicating  Trires,  the 
selenium  cell,  and  the  measuring  instrument  will  exactly  balance  the 
electro-motive  force  of  the  battery. 

If,  however,  the  container,  having  within  it  the  screen  and  cell,  be 
placed  in  the  path  of  the  X-rays,  the  screen  will  become  luminous  in  pro- 
portion to  the  distance  from  the  source  of  the  rays  and  the  quality  of 
rays  striking  it.  The  container  will  be  illuminated;  the  selenium  cell 
under  the  influence  of  this  light  will  change  its  ohmic  resistance  in  pro- 
portion to  the  light,  and  the  current  flow  will  be  measured  and  indicated 
on  the  dial  of  the  galvanometer. 

fluorescence  of  the  Tube  and  the  Appearance  of  the  Electrodea. — ThiB 
method  does  not  afford  a  reliable  means  of  determining  the  penetrability 
of  the  rays,  as  the  fluorescence  depends  upon  the  kind  of  glass  composing 
the  tube.  In  a  dark  room  this  fluorescence  will  be  more  clearly  discero- 
ible.  Behind  the  anode  there  may  often  be  noticed  annnlar  patches  of 
fluorescence,  indicating  a  high  vacuum.  In  studying  the  appearance 
of  the  electrodes,  a  phenomenon  sometimes  noticed  is,  the  emission  of  a  fine 
smoky  stream  around  the  edge  of  the  cathode ;  indicating  a  high  degree 
of  vacuum.     A  tow  vacuum  in  the  tube  can  be  recognized  by  a  conical 
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stream  of  cathode  rays  of  a  blue  color.  The  appearance  of  a  chorry-red 
heat  at  the  anode  indicates  that  the  tube  is  working  properly,  and  that 
rays  of  a  high  degree  of  penetrability  are  being  produced.  However, 
this  will  vary  according  to  the  thickness  of  the  platinum  aniMlo  and  the 
strength  of  the  current.  It  should  not  be  forgotten  that  tlie  same  tul>e 
will  fluoresce  differently  with  the  different  amounts  of  current,  which 
will  produce  more  or  less  penetrating  rays. 

The  Thermometric  Method.  —  Kohler  places  a  tliermomeU^r  into  a 
depression  in  the  Crookes  tube,  whereby  he  gauges  tlie  variation  of 
temperature  as  indicative  of  the  quality  and  quantity  of  the  rays. 

III.  Natural   Fluorescence   in  the    Human  Body  and   its  Artifi- 
cial Production.* 

Fluorescence  may  be  defined  as  a  property  posseswid  by  <'4»rtain  Hub- 
stances  of  absorbing  visible  or  invisible  rays  and  emitting  visible  light 
Fluorescence  and  phosphorescence  are  not,  however,  synonymous,  in  tliat 
the  former  is  evidenced  only  when  the  exciting  cause  is  acting,  and  that 
the  latter  continues  after  the  cessation  of  the  exciting  force.  Ijong  ago  it 
was  asserted  and  proved  that  a  natural  fluorescence  existed  in  the  timucN 
of  the  human  economy.  The  crystalline  lens,  the  cornea,  the  a^|u<50Uii 
and  vitreons  humors  are  all  fluorescent.  Again,  it  has  l>een  demon- 
strated repeatedly  that  the  liver,  heart,  lungs,  spleen,  kidneys,  brain, 
muscles,  nerves,  etc.,  contain  a  fluorese>ent  material,  in  many  n5Hi>e(;tii 
resembling  quinine,  to  which  the  name  of  '^animal  quin^nlin''  ban 
been  applied.  Half  a  century  ago  the  view  was  sidvanced,  and  still  very 
largely  obtains,  that  an  intimate  relation  existn  Nitween  the  deijrease  of 
animal  quinodin  and  malarious  affections ;  therefore  the  apfmrent  wiitilom 
of  exhibiting  quinine  to  augment  the  fluorc;scenc:f5  of  the  devitali/><fd  ti^- 
sae  to  its  normal  point.  Based  upon  thf^se  views,  exiMfrimenfii  were 
instituted  and  malarious  patientii  were  treated  in  flarkeni^^l  nHnun  with 
porple  hangings,  in  the  belief  that  the  sprirulation  of  the  plaMifir>dium  of 
malaria  could  not  occur  in  the  absence  of  light,  and  esfiei'ially  re^d  light, 
corresponding  to  the  Finsen  treatment  of  smallp^ix.  TliUH,  tnnn  the  de- 
ductions of  various  obser\'er8  and  exj>erinienterK,  the  a/lrfiinudnitiori  of 
fluorescent  substances  has  been  tried^  and  the  blood  thus  aflTeetenl  liaii  \H^.n 
the  subject  of  an  interesting  study  brjth  by  the  X-rays  and  with  rdA'imiu 
The  fluorescent  substances  must  of  course  be  liarailem,  aiKl  a  r^A'istiUm 
employe^l  capable  of  offering  a  fluorescence  deep  within  tlnsj  timmm, 
Sonlighti  electric  discharges,  the  ultra-violet  rays,  the  X-rays,  and  the 

*  TL:*  robjeft  Lm  fjeen  mfjgt  exhaaj<tjT«rlr  juvi  tcUaatuilY  itixt^etigpu^l  hy  In, 
wi-lLtm  Z&iiKf*  M  >rt*;f£U  of  New  York  City.  Vm  a  cl«ir  t;xi^mxym  «/f  t\^.  ►tiyJy,  X\»^ 
T^A^>fT  IS:  r*T:rTT^l  Vj-  yiorUAj's  origiDa]  imi^sr,  "'  F' Vir^^^f*'*  Artiiifiauly  yr'Atu^r^l  :u 
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Becquerel  rays  are  ail  capable  of  exciting  fluorescence  and  pbosphoreiF 
oence  within  the  huiuau  body.  For  a  study  of  the  physiological  actunt 
of  light  upon  animals  and  plants,  the  reader  is  referred  to  tiiu  vbaptv 
devoted  to  "  Phototherapy." 

Application  in  Disease.  ■ 

Aa  a  tljerapeutic  agent,  Dr.  Morton  says ;  "  I  employ  quiniue  bisaj*^ 
phate  in  doses  of  from  five  to  fifteen  grains  daily,  according  to  thA 
natuml  physiologic  toleniuce  of  tlie  patient ;  Buorescin,  a  I  to  391; 
aqueous  solution,  from  six  to  twenty  drops,  three  times  daily,  one  hour' 
after  meals ;  esculiu,  from  five  to  fifteen  gi-ains  daily. 

"  In  treatment  of  an  extremely  obstinate  case  of  lupus,  one  patient 
has  now  taken  ten  drops  of  the  fluoresciu  solution  thi-ee  times  tiaily  dojw 
ing  the  hist  three  months  and,  employing  the  X-ray,  not  only  ba^  iua.' 
Inpos  healed  oyer  large  areas,  but  he  also  has  gained  thirty  pounds  in 
vetght  iu  the  three  months.  Both  in  hospital  and  in  private  practice  my. 
cases  of  lupus  heal  more  rapidly  and  get  permanently  cured  by  tJiil 
method  and  in  less  time  than  by  any  other  method  I  have  used. 

"I  have  ready  to  report Bix  patients  with  tuberculous  glands  of  thfl 
neck,  two  already  subjected  uuavailingly  to  numerous  surgical  oper:itioo8 
for  removal,  who  are  now  perfectly  well.  One  case  of  tuberculosis  of  th», 
bip-joint  is  making  marked  improvement.  i 

'■  Iti  tulKTculosis  (if  thi'  lungs  the  method  is  giving  good  results,  not 
yet  ready  to  be  reported  on  in  exienao. 

"In  from  one  to  three  days  after  t)eginning  treatiueut  a  reaction 
occurs.  The  afternoon  temperature  in  a  recent  case  rose  from  normal  to 
103°  F.  The  cough,  night  sweats,  and  lassitude  increased.  Examination 
of  the  sputum  at  this  time  revealed  an  enormous  increase  of  the  number 
of  tubercle  bacilli.  This  reaction  lasted  about  a  week  and  then  the  tem- 
perature gradually  fell  to  normal,  with  corresponding  improvement  in 
the  other  symptoms.  The  patient  then  entered  on  a  stage  of  steady 
gain  in  weight  and  comfort  and  personal  appearance.  The  case  is 
under  most  rigid  ot)servation  by  skilled  consultants  and  will  be  reported 
on  later." 

Morton  asserts  that  the  fluorescence  is  much  increased  if  radio- 
active water  is  used  to  prepare  fluorescent  solutions.  He  administen 
a  half  ounce  of  radio-active  water  in  the  morning,  and  again  in  the 
evening,  believing  that  this  liquid  absorbs  and  holds  the  emanations  of 
radium,  becoming  a  secondary  source  of  radiation;  the  charged  water 
exciting  the  fluorescence.  He  successfully  combata  those  scientists  who 
deny  tlie  possible  existence  of  a  radio-active  fluid. 

As  is  usual  in  such  studies,  the  mass  of  literature,  good,  bad,  and 
indifferent,  upon  the  subject  in  hand  is  most  confusing.  I  append  Dr. 
Morton's  rteum£:     "The  excitation  of  fluorescence  within  tissue  is  s 
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species  of  phototherapy  and  dependable  on  the  same  basis  for  curative 
effects.  The  term  sensitization  is  not  accurate,  for  it  is  not  known  what 
the  term  means.  There  is  no  proof  that  fluorescent  substances  make 
the  cells  or  other  micro-organisms  vulnerable  to  the  exciting  radiation. 

^'  What  the  fluorescent  light  lacks  in  intensity  is  compensated  for  by 
propinquity  to  tissue. 

•'The  method  here  outlined  consists  of  a  medicinal  saturation  of 
the  entire  blood  system  with  a  fluorescent  solution,  and  submission  of 
parts  or  of  the  whole  of  the  patient  to  the  Rontgen  and  Becquerel 
radiations,  and  to  electric  discharges. 

^*The  method  naturally  includes  filling  cavities  with  fluorescent 
solutions,  as  well  as  using  these  solutions  medicinally. 

''The  curative  effects  obtained  by  this  method  are  probably  due 
to  the  fluorescent  light  This  method  permits  of  an  improvement  in 
skiagraphic  effects  and  of  fluoroscopic  examinations. 

"Following  the  suggestions  of  the  use  of  fluorescent  solutions  in 
diagnosis  and  treatment,  the  method  has  proved  of  value  in  determinitig 
the  position  and  size  of  the  stomach  and  other  cavities  of  the  body. 

"The  thoracic  cavity  presents  on  the  fluoroscope  a  degree  of  illumi- 
nation greater  than  that  produced  by  the  X-radiation  alone. 

"The  method  is  useful  in  tuberculosis  of  the  lungs,  and  in  other 
cases  of  tuberculous  deposits,  as  well  as  in  cancer." 

Influence  of  Photodynamic  Substances  an  the  Action  of  X-Bays. — Kothe* 
is  enthusiastic  over  the  enhanced  action  of  the  X-rays  after  the  tissues 
have  been  previously  injected  with  a  one  per  cent,  or  per  thousand  solu- 
tion of  eosin,  an  hour  before  exposure.  He  describes  experiments  on 
animals,  and  with  lupus  and  warts  in  the  clinic.  The  injection  of  eosin 
enables  the  course  of  X-ray  treatment  to  be  much  shortened,  the  expo- 
sure need  not  be  so  long,  and  the  reaction  occurs  sooner  and  is  more 
intense  than  without  the  eosin.  The  eosin  injections  also  permit  the  ener- 
getic reaction  to  be  restricted  to  a  circumscribed  area,  while  the  unin- 
iected,  sound  tissue  around  or  above  scarcely  feels  the  action  of  the  rays. 

Theoretically  this  method  of  treatment  seems  very  plausible.  Prac- 
tical tests  of  its  value  have  fallen  for  short  of  the  early  expectations. 
This  is  probably  due  to  the  foct  that  such  quantities  of  fluorescent  salts 
as  can  be  absorbed  are  so  widely  distributed  and  diluted  in  the  fluids  of 
the  body  that  no  appreciable  effects  can  be  produced.  The  same  dilu- 
tion, approximately,  employed  experimentally  outside  the  body  fails  to 
give  any  reaction  on  photographic  plates.  The  effects  produced  on  the 
patient  by  the  administration  of  quinine  are  probably  due  to  its  anti- 
toxic action,  counteracting  the  toxins  resulting  from  efficient  Rontgen 
treatment  and  the  consequent  break-down  and  absorption  of  diseased 
tissues. 

*  Deutfich.  med.  Woch.,  Berlin,  vol.  ix.,  1004. 


CHAPTER  V 

THERAPEUTIC  VALUK   IN    DISEASE. 

I.  Cutaneous  Affections. 
Lupirs  Ekythematosum. 

In  the  first  case  of  lupus  erytbeaiatosus  treated  witb  tlie  X-raya,' 
the  method  employed  vras  precisely  the  eauie  as  that  used  ia  cases  of 
lupus  vulgaris.  The  result  was  a  mpid  disappearance  uf  tiie  cellular 
infiltration  ia  those  areas  exposed  to  tlie  direct  ac^tioa  of  the  rays.  Im- 
mediately Hurrouuding  tliis  area  a  ring  of  pigmeutation  forms,  which, 
however,  quickly  disappears.  The  skiii  reuiains  perfectly  flat,  regular, 
aod  practically  normal  after  the  rays  have  been  discoutiuned. 

Jutassy '  reported  a  case  of  Inpus  erythematosus  iu  which  he  eCTeeled 
an  absorption  of  the  infilli-atiug  cellular  elements,  deposited  by  the  capil- 
laries of  the  eorium  and  of  those  of  the  corpus  oapillare.  A  partial  recur- 
rence of  small  extent  was  observed  iu  those  portions  which  the  rays  tmd 
difficulty  in  reaching. 

Hahn  ami  Gronveu '  report  snccessful  i-esults  obtained  in  cases  of 
lupus  erylhematosos,  as  do  likewise  Sjogren,'  Sartiu,*  and  Torok  and. 
Schein.' 

LUPUB    VULGAHIS. 

That  the  X-rays  are  most  beneficial  in  the  treatment  of  lapus  vulgaris 
is  to-day  the  consensus  of  opiuion  among  dermatologist&  Freund 
and  BchifT  were  the  first  to  give  a  detailed  account  of  the  favorable 
influence  of  the  X-rays  iu  this  disease.  The  rays  seem  to  have  a 
selective  action  on  the  tubercles,  and  in  continued  treatments  cause 
a  sloughing  off  of  the  hardened,  gummy  masses,  which  in  time  are 
replaced  by  healthy  scar  tissue.  The  deduction  of  Freund  in  two  cases 
treated  by  him  as  early  as  1897  is,  "that  there  is  primarily  set  np  an 
inflammatory  reaction  within  the  already  discovered  diseased  tissue  by 
the  rays." 

Alter  irradiation  there  results  a  specific  reaction,  causing  the  tubercles 
to  become  visible  ;  this  is  followed  by  a  loosening  of  the  tubercles  with  an 

'  Fortochritte  der  Rontgenstrahlen,  vol.  ii.,  by  Dr.  E.  SchiB. 

'  WtuulerveTsammlung  Ui^rischer  Aerzte,  Aug.,  1899. 

>Aerztl.  Verein,  Hamburg,  1900. 

<  Forlachr.  a.  d.  Geb.  d.  Riintgenetralilen,  1901,  v.  p.  37. 

'Lancet,  1901,  ii.  p.  144. 

'  Wiener  med.  Wochen.,  1903,  lii.  p.  847. 
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increase  in  their  size,  due  to  an  augmented  blood  supply,  which  is  suc-^ 
ceeded  by  a  shedding  of  the  masses.    With  the  swelling  of  the  tuberculous 
nodules  there  is  set  up  a  swelling  of  the  already  infiltrated  lymphatic 
glands  in  the  vicinity  of  the  tuberculous  area. 

Birkett  *  treated  a  boy,  aged  15,  with  a  family  history  of  tuberculosis, 
who  had  two  distinct  primary  lupus  growths  in  the  oropharynx,  each 
situated  partly  on  the  lateral  and  partly  on  the  posterior  pharyngeal 
wall.  The  growths  were  distinctly  nodular  in  appearance,  about  the  size  of 
a  swollen  sago  grain.  Medical  and  surgical  measures  were  inefficient, 
and  resort  was  made  to  the  X-rays.  A  regulating  tube  with  a  vacuum 
equal  to  a  3-inch  (7.5-cm.)  spark-gap  was  employed.  Twenty -three  daily 
exposures  were  given.  A  recurrence  was  treated  in  the  same  manner, 
and  the  results  at  the  present  time  are  most  satisfactory. 

In  cases  of  lupus  the  reaction  always  runs  a  similar  course,  the 
tubercles  gradually  swelling,  turning  dark  red,  and  becoming  turgescent ; 
at  the  same  time  irregular  dark  spots  develop  in  regions  previously  unaf- 
fected, which  subsequently  take  on  the  character  of  lupus  nodules.  These 
nodular  masses  subsequently  drop  out,  leaving  behind  cavities  with  a 
circular  punched-out  appearance  about  the  size  of  a  pin-head. 

The  results  are  on  the  whole  as  satisfactory  as  those  obtained  by 
Finsen's  method.  The  latter  may  give  better  results,  but  the  procedure 
is  more  or  less  tedious,  the  apparatus  is  expensive,  and  often  fails  to 
work  satisfactorily.  With  the  X-rays  a  larger  field  of  affected  skin  can 
be  treated  at  one  exposure  than  with  the  Finsen  light. 

M.  Morris  and  S.  E.  Dore '  state  that  "the  X-rays  have  a  sphere  of 
usefulness,  but  in  cases  of  lupus  they  are  much  inferior  as  a  curative 
agent  to  the  treatment  advanced  by  Finsen.  However,  the  rays  can  be 
applied  to  cavities  which  are  inaccessible  to  the  Finsen  light." 

E.  Smith'  reports  a  case  of  lupus  vulgaris,  of  fifteen  years'  standing, 
successfully  treated  and  apparently  cured  by  X-ray  irradiations.  The 
patient  was  a  man  of  eighty,  who  had  been  told  that  he  was  suffering 
with  a  cancer  of  the  right  side  of  the  nose,  the  inner  canthus  of  the  right 
eye,  and  the  inner  thirds  of  the  lids.  Twelve  treatments  were  given, 
marked  improvement  being  noticeable  on  the  second  treatment,  which 
was  interrupted  until  the  affected  area  was  entirely  healed.  After  the 
second  treatment,  healthy  granulations  appeared  and  healing  promptly 
followed. 

The  following  case  came  to  me  for  treatment.  The  patient  was  a 
young  man  in  whom  lupus  had  developed  very  slowly  upon  the  side  of 
the  nose,  extending  over  the  bridge  to  the  inner  canthus  of  the  opposite 
eye.     There  was  no  pain  and  little  or  no  exudation!    Small  nodules 

'  New  York  Medical  Record,  December  24, 1904. 
*  British  Medical  Journal,  June  16,  1903. 
'  Buffalo  Medical  Journal,  January,  1901. 
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distinctly  separated  from  one  ^Dother  wei'e  noticeable  on  paTp«n^^| 
Microscopic  examination  of  the  diseased  tissue  confirmed  the  diagn^^^'^l 
After  twelve  treatments  he  was  permanently  cured.  ■ 

Dr.  H.  "W.  Van  Allen '  reported  fifteen  casea  of  lupus  vulgaris,  witt.  I 
80  per  cent,  cares.  The  average  time  since  treatment  was  diwontinued  I 
is  from  one  year  to  eight  months.  The  average  time  of  treatment  i.i  six  I 
months,  the  shortest  i>eriod  being  three  raontba,  and  the  longest  uine  ■ 
months.  The  most  recent  case  was  treated  three  months  ago.  The  I 
longest  time  that  has  elapsed  since  treatment  is  three  years.  Eleven  I 
cases  were  cured ;  in  one  there  was  an  apparent  cure ;  one  is  returning,  I 
and  two  cases  were  not  lieuefited.  M 

The  removal  of  hair  from  hairy  asevi  was  snccessfully  accomplished  I 
by  Frennd'  (iu  his  first  case  of  hypertrichosis  treated  liy  this  method)  I 
and  likewise  by  Pusey.'  ' 

Vtvtcular  X(cn. — Jutassy'  has  given  a  very  interesting  report  of  tlie 
BQCcessful  treatment  of  an  extensive  vascular  nievus  of  the  face.  Over 
part  of  the  area  involved  the  ueevus  was  fiat,  lint  on  the  cheek  and  noae 
there  were  dilatations  forming  angiomata  from  the  size  of  a  hemp-seed  to 
that  of  a  bean.  The  exposures  were  carrietl  to  the  point  of  producing  a 
very  acute  dermatitis  with  free  vesication ;  as  a  result  the  growth  waa 
practically  destroyed.  There  remained  over  llie  area  a  smooth  scitr  of  ^ 
almost  normal  color.  No  trace  of  the  angiomata  remained.  A  year  and 
a  half  later  the  improvement  bad  been  maintained. 

Pusey  believes  that  "it  is  possible  that,  by  setting  up  an  acute 
reaction  in  a  \ascular  uebvus,  there  may  be  produced  scar  tissue  which 
will  be  of  such  a  character  as  practically  to  destroy  the  lesions.  Of 
course,  the  likelihood  of  so  doing  is  greater  the  less  the  dilatation  of  the 
blood-vessels.  It  is  surely  true  that  where  thei'e  are  large  angiomata  the 
method  will  not  be  very  effective,  though  Jutassy's  case  seems  to  show 
that  it  may  be  possible  to  deal  with  superficial  angiomata." 

Lassar,  of  Berlin,  states  that  applications  of  radium  give  better 
results  in  cases  of  n^vus  than  do  the  X-rays.  I  am  using  radium  and  the 
X-rays  alternately,  with  apparently  good  results.  At  present  I  am 
treating  a  young  boy  who  has  a  ukvus  covering  most  of  one  cheek. 
For  a  control  test,  one-half  the  growth  below  the  eye  is  exposed  to  the 
rays,  the  upper  part  being  shielded  by  lead.  No  dermatitis  has  resulted ; 
the  exposed  area  is  changing  from  a  deep  red  to  a  brownish  hue,  and 
offers  as  a  result  of  lessened  vascularity  a  lighter  color  on  pressure. 

'  Journal  of  the  American  Medical  Association,  September  15,  1906. 
'Wien.  med.  Wochene.,  1897,  xlvii.  p. 428. 
'R."intgen  Rays  In  Thernpeutica  and  DlagnosiB,  p.  3:)t>. 
<Pe«t.  med.  c'hir.  Prease,  1900,  ixxvi.p.  73,  t|Uote(l  by  Pusey. 
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Alopecia  Areata. 

Ullmann  treated  a  patient  by  two  exposures  of  fifteen  minutes  each^ 
on  alternate  days,  the  tube  being  *'  medium  soft,^'  at  a  distance  of  15  cm. 
The  hair  in  the  vicinity  fell  out ;  but  at  the  end  of  three  months  it  began 
to  grow,  but  was  of  a  darker  color.  The  treatment  had  evidently  stimu- 
lated both  the  growth  and  pigmentation  of  the  hair,  and  this  result  has 
been  permanent. 

The  treatment  of  alopecia  areata  by  the  X-rays  has  been  reported  by 
Kienbock  *  and  Holzknecht*  Kienbock  reported  a  case  of  a  young  man 
in  whom  the  affection  had  existed  for  three  years.  After  two  months  of 
X-ray  treatment  dark-colored  normal  hairs  appeared,  while  upon  the 
affected  surfaces  the  growth  of  hair  did  not  occur. 

Holzknecht  used  the  method  with  some  success  in  several  cases.  In 
one  o>ase  of  alopecia  areata  that  had  progressed  steadily  for  five  months, 
after  six  months'  treatment  with  the  rays  there  appeared  a  fine  growth 
of  hair. 

Parasitic  Alopecia. — In  alox>ecia  areata  of  mycotic  origin  it  is  possible 
that  the  X-rays  may  prove  of  use,  and  in  cases  of  tinea  tonsurans  simu* 
lating  alopecia  areata  this  treatment  would  probably  be  successful.  That 
X-rays,  however,  cause  temporary  atrophy  of  the  follicles  is  not  a  valid 
reason  for  believing  that  they  would  be  contraindicated  in  alopecia 
areata,  for  unless  a  reaction  is  produced  several  times,  the  healthy  hair- 
follicles  regenerate. 

In  treating  certain  cases  of  epilepsy,  I  observed  in  one  bald-headed 
patient  that  the  application  of  the  rays  was  followed  by  a  growth  of 
short,  stiff  hairs. 

Hypertrichosis. 

Freund  was  the  first  operator  in  the  field  who  employed  the  X-rays 
in  dermatology  with  success.  He  artificially  produced  an  alopecia  in  a 
case  of  hirsuties.  The  patient  had  previously  undergone  the  usual  course 
of  treatment  when  Freund  experimented  on  the  case  with  the  rays.  In 
the  beginning,  the  field  was  exposed  two  houi*s  each  day,  and  within 
twelve  days  the  hair  commenced  to  fall  out  in  large,  thick  tufts,  and  a 
few  days  later  the  part  was  completely  bald.  This  was  the  first  case  of 
this  kind  cured  by  the  X-rays.  It  is  recommended  that  any  type  of 
hirsuties  should  be  given  more  numerous  but  less  intense  exposures. 

Jutassy  *  states  that  he  has  employed  the  treatments  as  outlined  by 
Freund  and  Schiff  with  similar  results.  In  the  process  of  epilation  there 
are  four  stages  prominently  defined.  1.  In  the  sta^e  of  exposure  nothing 
of  any  importance  is  discernible.     2.  During  the  hypcrcpniic  stage  there 

>  Wien.  klin.  Wochens.,  1900,  xiii.  p.  1053. 

•Ibid.,  1900,  xiii.  p.  1177.  »Orvoei  Hetilap,  1898. 
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may  be  a  seatteied  or  even  a  complete  sLedding  of  tbe  bair,  but  tliis  ilt 
only  temporary,  an  tlie  butr  roots  are  not  destroyed,  ii.  lu  the  in^flamwa,- 
tory  utage  tbere  is  an  acute  inflammatory  process,  witli  an  ai^companyiuf 
Blight,  transient  hypenemia.  Not  infrequently  this  iirocess  advances  to  » 
pustular  Ht^e,  and  falling  nf  the  hair  is  in  many  <»ses  complete  mid  i>er»- 
maiient.  4.  Regeneration  of  the  luiir  occm-s  after  a  period  of  from  two  t* 
three  months  and  in  those  iiiaufhciontly  treated.  The  absence  of  any- 
signs  of  recurrence  after  a  period  of  about  three  months  indicates  that  tha 
treatment  has  been  satisfiictory,  and  a  prognosis  of  a  jiermanent  alopecia^ 
may  be  rendered.  In  one  case  there  was  pn.«luced  a  permanent  alopecia, 
in  less  than  three  weeks ;  seven  treiitmeuts  were  given  with  a  20-miniita 
exposure  at  each  sitting. 

Barthfilemy  and  Oudiu'  remark  that  their  conclusions  are  directlj 
opposeil  to  those  arrived  at  by  Schiff,  Freund,  and  a  number  of  noted. 
American  and  English  observers. 

Two  series  of  experiments  were  conducted  on  women,  the  liairy  field. 
of  the  pubio  region  being  the  part  selected.  The  hair  of  each  of  tbt 
patients  presented  dissimilarities  in  color  and  thickness.  In  the  fint 
aeries  the  exposure  was  of  short  duration,  while  in  the  second  series  thB 
exposure  was  of  long  duration.  In  tbe  first  two  cases,  with  exposures  of 
ten  minutes  each,  aud  repealed  daily  or  every  other  day  for  a  period  of 
from  two  to  four  weeks,  no  satisfactory  results  were  obtained.  Tbe  third 
case,  frequently  exposed  for  a  long  time,  was  followed  by  an  erythems 
and  a  profuse  shedding  of  hair.  The  exposure  nf  the  cases  of  llie  second 
series  extended  from  tec  to  thirty  ininntes.  The  results  were  negative  in 
three  of  the  cases,  while  in  the  other  three  cases  there  was  only  a  slight 
loss  of  hair,  which  Ciime  out  very  readily  upon  combing  or  by  pulling  upon 
it.  lu  only  two  of  the  cases  treated  a-s  above  was  there  a  complete  falling 
of  the  hair,  one  of  these  cases  being  accompanied  by  a  wide-spread 
erythema. 

Schiff  and  Freund'  reported  that  in  three  cases  a  slight  erythema 
was  the  sole  visible  result  of  the  exposures.  Prior  to  the  falling  out  of 
the  hair,  the  skin  was  visibly  undergoing  the  process  of  bronzing.  The 
pigment  continued  to  accumulate  until  the  hair  fell  out,  followed  by  its 
rapid  disappearance.  Previous  to  shedding,  the  hair  turned  snow-white, 
lost  all  its  pigment,  and  microscopically  exhibited  vacuoles.  In  a  single 
case  this  phenomenon  had  been  reiieated  three  times,  when  the  recurring 
dry  hairs  were  again  submitted  to  the  action  of  the  rays. 

Sjogren 'observed  a  rapidlj' disappearing  pigmentation  in  a  brunette 
of  25  years  who  was  subjected  to  treatments  similar  to  those  outlined  by 
Schiff  and  Freund. 

■La  Radiographie,  1900,  xxzix. 

'Wiener  med.  Wochensctirift,  189S,  xlviii,  p.  1058. 

•Bibliotheca  medic!i,  Ileft  8. 
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After  the  treatment  all  the  cutaneous  roughness  and  unevenness  dis- 
appear, and  likewise  the  scarring  resulting  from  a  previous  folliculitis. 
The  integument  becomes  smooth  and  free  from  all  blemishes.  Occasion- 
ally there  may  be  noted  a  few  flat,  colorless  depressions,  very  similar  to 
those  following  a  treatment  by  electrolysis.  The  shedding  of  the  hair 
after  a  long  series  of  exposures  would  indicate  accumulative  action  of  the 
X-rays.     Forster^  also  expresses  a  similar  belief. 

Grunmack  has  conducted  experiments  to  ascertain  the  epilatory 
effects  of  the  rays,  but  with  varying  results,  due  to  lack  of  necessary 
precautions. 

I  have  treated  several  female  patients  who  were  disfigured  with 
growths  of  superfluous  hair.  One  woman  presented  a  growth  of  hair  on 
the  neck  and  forearm.  I  treated  the  forearm  first,  to  determine  the 
dosage  and  the  patient's  susceptibility,  and  after  ten  treatments  of  5 
minutes  each,  covering  a  period  of  ten  months,  the  hairs  were  removed, 
without  even  a  vestige  of  erythema.  In  one  patient  the  growth  of  hair 
returned,  but  subsequent  treatment  permanently  eradicated  the  growth. 
This  X-ray  treatment  obviates  the  pain  of  electrolysis. 

Favus  and  Tinea  Tonsurans. 

The  use  of  the  X-rays  in  the  treatment  of  tinea  tonsurans  and  favus 
was  suggested  by  Freund.'  Cases  of  tinea  tonsurans  successfully  treated 
by  the  X-rays  have  been  reported  by  Schiff  and  Freund,'  Torok  and 
Schien,*  and  others.  Cases  of  favus  successfully  treated  have  been 
reported  by  Schiff  and  Freund,*  Hahn  and  Albers-Schonberg,*  Torok 
and  Schien,  Kienbock,  and  others.  One  case  of  Schiff  and  Freund 
has  remained  cured  for  a  year.  In  these  cases  the  reaction  needs  to  be 
carried  to  the  point  of  causing  complete  alopecia  and  slight  cutaneous 
inflammatory  reaction.  Theoretically  the  treatment  is  ideal.  It  causes 
a  falling  out  of  the  diseased  hairs,  at  the  same  time  destroying  the  organ- 
isms upon  which  the  disease  is  dependent.  The  alopecia  which  it  causes 
is  temporary  unless  accompanied  by  a  greater  reaction  in  the  skin  than 
is  necessary. 

The  objections  to  the  method  lie  in  the  fact  that  the  process 
is  a  tedious  one,  and  that  the  exposure  of  a  large  part  of  the  scalp  in 
tinea  tonsurans  or  fa^vus  is  a  procedure  of  some  risk  unless  carried  out 
with  caution.  All  that  is  said  of  the  treatment  of  tinea  tonsurans  applies 
equally  well  to  the  treatment  of  favus. 

» Wiener  klin.  Wochenschrift,  1897,  No.  3. 

*  Wien.  med.  Wochens.,  1897,  xlvii.  p.  856. 

'  Fortschr.  a.  d.  Geb.  d.  Rontgenstrahlen,  1899,  iii.  p.  109. 

*  Arch.  f.  Derm.  u.  Syph.,  1901,  Ivi.  p.  132. 
»  Wien.  med.  Wochens.,  1902,  Iii.  p.  847. 

< Munch,  med.  Wochens.,  1900,  xlvii.  pp.  284,  024,  363. 
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Batten  ^  proved  that  with  X-rays  we  can  make  the  hairs  fall  from  the 
bottom  of  their  follicles,  thus  overcoming  the  difficulty  of  treating  this 
disease.  His  method  of  treatment  is  as  follows :  A  boy's  ordinary  close- 
fitting  cap  is  covered  on  the  outside  with  a  continuous,  fairly  thick  layer 
of  white  lead,  and  the  latter  with  linen  or  muslin ;  holes  are  then  cut  in 
this  white-lead  screen  to  correspond  with  all  the  ringworm  patches  to 
be  treated ;  through  these  holes  the  scalp  is  exposed  to  X-rays  from  a 
medium  or  moderately  hard  tube  for  ten  or  eleven  minutes,  six  times 
within  a  fortnight.  The  scalp  should  be  six  to  eight  inches  from  the 
anticathode,  and  the  ears,  neck,  and  face  protected  from  the  rays  by  the 
white-lead  cap  or  similar  shield,  or  by  a  diaphragm  over  the  tube.  Next 
a  simple,  penetrating  parasiticide  lotion  should  be  applied  morning  and 
night  over  the  whole  scalp,  during  the  period  of  the  treatment.  When 
the  patches  are  quite  bald,  a  mild  parasiticide  ointment  should  be  rubbed 
into  the  scalp  once  a  day,  applying  the  lotion  also  to  the  entire  scalp. 
The  hair  usually  begins  to  grow  within  seven  or  eight  weeks  from  the 
commencement  of  treatment,  and  by  the  end  of  the  third  or  fourth  month 
it  is  fully  grown. 

Adamson '  states  that,  when  the  X-rays  are  used  for  the  treatment  of 
ringworm  of  the  scalp,  the  hair  of  the  part  exposed  to  the  rays  may  be 
made  to  fall,  leaving  a  smooth,  bald  area,  entirely  free  from  stumps,  and 
when  this  grows  again,  after  an  interval  of  some  weeks,  the  new  hairs  are 
found  to  be  free  from  ringworm.  The  fungus  has  not  been  killed,  but 
has  come  away  with  the  old  hairs,  and  by  the  time  the  new  hair  grows 
not  a  trace  of  it  is  left.  Those  using  this  method  have,  however,  always 
been  chary  of  its  application,  fearing  burns  or  baldness.  But  now,  by 
means  of  Sabouraud's  radiometer,  such  accidents  can  be  readily  avoided. 

The  hair  begins  to  fall  about  fourteen  days  after  the  application,  and 
continues  to  do  so  for  a  few  days  longer.  It  begins  to  grow  again  in  from 
six  to  eight  weeks,  and  is  fully  grown  at  the  end  of  three  months, 
provided  that  the  length  of  exposure  is  not  allowed  to  exceed  the  limit 
set  by  the  riglit  use  of  the  pastille,  that  no  area  or  part  of  any  surface  is 
exposed  more  than  once,  and  that  the  part  exposed  is  kept  at  the  proper 
fixed  distance  from  the  anticathode  of  the  tube.  By  this  method  there 
is  no  danger  of  permanent  baldness  or  injury  to  the  tissues. 

Concerning  the  value  of  the  X-rays  in  the  treatment  of  tiucii,  Sabou- 
raud'  says  that  ambulant  treatment  is  to  be  recommended,  and  instead  of 
the  two  years  formerly  required,  the  cure  is  complete  in  three  months. 
The  tube  should  be  fifteen  centimetres  from  the  diseased  area,  and  at  the 
same  time  a  scrap  of  platino-cyanide  paper  should  be  exposed  to  the 
centre  of  the  tube  (equal  to  five  Ilolzknecht's  units),  but  at  a  shortei 

*  Archives  of  the  Rimtgen  Ray,  August,  1905. 

'  Lancet,  June  24,  19()5. 

'La  Presse  Medicale,  Paris,  No.  98,  Dec.  7,  1904. 
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distance  (eight  centimetres).  When  the  thin  sensitized  paper  has 
changed  to  the  tint  *'  B"  of  the  radiometer,  the  exposure  is  terminated. 
By  observing  that  the  shade  of  the  sensitized  paper  is  below  the  tint 
'^B''  on  five  Holznecht's  units,  the  operator  can  l)e  confident  that  there 
is  no  danger  of  an  erythema,  burn,  or  permanent  baldness.  After  the 
exposure  the  part  is  treated  with  an  ointment  containing  the  oil  of  cade, 
which  is  washed  off  each  morning.  The  entire  scalp  is  then  rubbed  with 
a  ten  per  cent,  alcoholic  solution  of  tincture  of  iodine,  to  prevent  reinfec- 
tion from  the  hairs  as  they  drop  out  of  the  exposed  patch.  Each  patch 
requires  a  separate  exposure. 

Eczema. 

Dr.  R.  Ilahn  claims  priority  in  radiotherapy  of  eczema,  especially 
the  chronic  type.  At  a  meeting  of  the  Medical  Society  of  Hamburg, 
July,  1898,  he  reported  two  such  cases  that  he  successfully  treated.  Both 
patients  suffered  from  eczema  of  the  thighs  for  periods  of  two  and  four 
years  respectively.  In  the  first  case  a  cure  was  effected  after  twelve 
applications  of  the  rays.  In  the  second  case,  after  four  exposures,  the 
hypersemic  condition  of  the  affected  part  appeared,  followed  by  a  slight 
dermatitis,  which,  however,  disappeared  in  three  days. 

Dr.  Margaret  Sharpe  *  reported  a  case  that  affected  a  small  area  of 
the  hand,  following  a  bum,  which  occurred  three  years  previously.  The 
part  had  been  exposed  eleven  times,  each  irradiation  consuming  fifteen  or 
twenty  minutes.  The  lesion  faded  away  gradually,  the  part  appearing 
more  and  more  pallid  as  the  result  of  each  exposure.  There  was  abso- 
lutely no  soreness  or  any  inflammatory  reaction. 

Drs.  Montgomery  and  Ormsby '  state  that  several  cases  of  chronic 
eczema  treated  by  the  rays  had  given  most  excellent  results.  In  one  case 
of  eczema  which  was  exceedingly  stubborn  and  of  many  years'  standing, 
located  in  the  skin  of  the  scrotum,  in  which  a  vitiliginous  condition  had 
appeared  on  the  infiltrated  skin,  ten  daily  treatments  gave  the  patient 
relief  from  the  itching ;  the  infiltration  gradually  disappeared,  and  later 
the  normal  pigment  returned. 

Hahn '  believes  that  if  eczema  is  a  germ  disease,  then,  as  demon- 
strated by  Rieder,  we  may  expect  the  X-rays  to  influence  the  bacteria 
directly.  If,  on  the  contrary,  it  is  a  nutritional  disease,  the  action  of  the 
rays  in  setting  up  a  dermatitis  leads  us  to  hope  that  the  reactions  of  the 
tissues  will  cause  alterations  in  the  circulation  and  nutrition  with  conse- 
quent healing.  The  point  of  most  interest  is  the  rapidity  with  which  the 
lesions  improved  (usually  after  ten  to  twelve  exposures).  The  effects 
immediately  observed  were  a  decrease  and  in  some  cases  an  absolute 

*  Archives  of  the  Rontgen  Ray,  February,  1900,  p.  5260. 

'Journal  Amer.  Med.  Assoc,  Jan.  3, 1903. 

'  Fortschritte  a.  d.  Geb.  d.  Rontgenstr.,  1901, 1902,  v.  pp.  39-41. 
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cessation  of  the  secretion.     In  all  Hahn  liad  fourteen  cases,  in  uine  ot 
which  he  was  able  to  effect  absolute  cures.    Of  the  remaining  case^  thr 
failed  to  materialize  aft«r  three,  four,  and  eight  esposures  respect ivt'tj- ; 
the  otlier  two  cases,  one  died  of  pneumonia,  and  the  remainiug  one  w 
treated  eighteen  times  with  apparently  no  improvement. 

In  cases  of  eczema  I  usually  give  short  and  frequently  repeat«d< 
exposures — i.  t.,  every  other  day— for  the  first  two  or  three  weeks.  After 
this  period  I  expose  the  parts  every  third  or  fouHh  day.  By  this  pro- 
cedure I  Lave  in  some  Ciises  attained  very  good  I'esults.  For  a  further 
discussion  of  cases  of  eczema  successfully  treated  by  the  i-aj's,  the  reader 
is  referred  to  articles  by  Albere-Schouberg,'  Meek,'  Scholtz,'  Sjogren  and 
Sederholm.* 

Acne. 

Dr.  B.  R.  Campbell'  reports  fifteen  cases  more  or  less  completely 
cured  by  the  X-rays.  He  used  a  medium  soft  tube,  moderate  illumina- 
tion, about  fifteen  centimetres  from  the  patient,  with  exposures  of  ten 
minutes  each,  usually  every  other  day. 

"  Miss  E.  R.,  age  20,  had  been  under  constitutional  and  local  treatment 
for  three  months,  without  any  appreciable  improvement  in  tlie  local 
condition.  Early  iu  January,  1902,  X-ray  exposures  were  begun.  8bft 
waa  given  three  exposures  weekly  of  t«ii  minutes  each,  with  the  tube 
fifteen  or  twenty  centinielri's  disl;int.  After  two  weeks  there  w;is  niiini- 
fest  improvement,  and  the  exposures  were  reduced  to  two  sittings  weekly ; 
by  the  end  of  February  no  active  lesions  or  comedones  could  be  detected, 
and  the  exposures  were  further  reduced  to  once  weekly  until  the  end  of 
March,  when  all  treatment  was  discontinued.  No  relapse  has  taken 
place.    No  dermatitis  or  erythema  was  produced  in  this  case  at  any  time." 

Altogether  I  have  treated  ten  cases  of  acne.  In  one  patient,  a  girl  of 
nineteen,  whose  face  was  covered  by  the  eruption  of  eighteen  months' 
duration,  I  succeeded  in  completely  curing  the  patient  in  thirty-two  treat- 
ments. These  applications  were  made  three  times  weekly  for  two  weeks 
and  thence  once  weekly.  The  tube  was  fifteen  inches  from  the  face,  three 
inches  spark-gap,  duration  of  each  treatment,  two  minutes.  The  applica- 
tions were  just  stimulating  enough  not  to  produce  an  erythema.  I  do 
not  believe  in  the  production  of  an  erythema  in  the  facial  region.  Seven 
of  the  other  cases  are  apparently  permanently  cured,  and  recmrencee 
occorred  in  the  other  two,  after  a  period  of  two  years.  In  one  case  an 
atrophic  condition  of  the  pitted  area  resulted. 

■  Munch,  med.  Wochens.,  1900,  xlvii.  pp.  284,  324, 363, 

*  Boston  Medical  and  Surgical  Journal,  1902,  czhii.  p.  152 

*  Areh.  f.  Derm.  u.  Syph.,  1902,  lix.  p.  421. 

*  Fortschrit.  a.  d.  Geb.  d,  EiintgenBtr.,  1901,  iv.  p.  145. 

'Journal  of  the  Americsji  Medical  Asaociation,  August  9, 1902,  p.  343. 


THEEAPEUTIO  VALUE  IN  DISEASE.  453 

Acne  Yidgaries. — This  chronic  inflammatory  disease,  which  involves 
the  sebaceous  glands,  usoally  appears  in  the  form  of  papules,  tubercles, 
or  pustules,  simple  or  combined,  and  chiefly  affecting  the  head,  face,  and 
neck,  and  occasionally  the  chest. 

Dr.  Joseph  Zeisler'  reports  thirty-four  cases  of  acne  of  different  vari- 
eties and  of  different  degrees  of  severity.  Five  of  these  were  instances 
of  acne  rosacea  and  four  were  indurated  cases  with  pustules  of  the  back 
and  chest. 

^^The  bulk  of  them  were,  of  course,  of  the  ordinary  type  of  acne 
of  the  face,  many  of  them  of  the  very  severest  and  most  rebellious  na- 
ture. The  exposures  were  rather  mild  in  character,  the  distance  of  the 
tube,  according  to  its  light,  being  from  twenty  to  forty  centimetres. 

'^  I  usually  start  in  these  cases  with  three  treatments  a  week  for  from 
two  or  three  weeks.  After  this  exposures  are  given  twice  weekly  only 
for  a  time,  and  later  about  once  a  week.  A  beneficial  action  can  usually 
be  noticed  during  the  second  week,  when  few  new  pustules  are  noted  and 
the  comedones  seem  to  shrink  and  dry  up.  The  accompanying  seborrhoea 
oleosa  of  the  face  is  very  promptly  influenced.  Some  of  the  severest 
cases  which  I  have  ever  treated  were  cured  in  from  four  to  six  weeks, 
and  have  so  far  remained  well." 

A  minimum  reaction  to  the  rays  is  not  always  accompanied  by  the 
cure  of  acne,  but  a  moderate  degree  of  dermatitis  should  be  aimed  at. 
The  disadvantages  of  the  treatment  are  the  pigmentation  liable  to  follow 
•  in  brunettes,  occasionally  the  slight  cutaneous  atrophy,  and  the  excep- 
tionally severe  dermatitic  reaction.  The  X-rays  cause  the  hairs  to  drop 
out,  and  evidently  check  the  secretion  of  sebum.  The  parenchyma  of 
the  sebaceous  glands  becomes  more  indurated,  and  this  explains  the 
lasting  benefit  derived  in  nearly  every  case  from  X-ray  treatment. 

Dr.  Gautier,'  of  Paris,  reported  sixteen  cases  of  acne  vulgaris  and 
acne  rosacea  which  had  been  successfully  treated  by  X-rays. 

In  hospital  and  private  practice  I  have  had  numerous  cases  of  this 
disease.  In  general  the  results  of  radio-therapy  were  successful  when 
combined  with  other  remedial  measures.  I  have  noted  that  frequent  five- 
minute  exposures  are  more  satisfactory  than  longer  and  less  frequent 
applications.  The  tube  should  be  of  **  medium  vacuum,''  so  that  the 
most  beneficial  results  may  be  obtained. 

Acne  Rosacea, — Jutassy  was  the  first  to  treat  acne  rosacea  by  the 
X-rays.  Hahn »  reports  two  cases  of  acne  rosacea  in  which  he  obtained 
satisfactory  results.  The  redness  of  the  nose  and  of  the  adjacent  parts 
disappeared,  and  had  not  returned  after  an  interval  of  several  months. 

*  Journal  of  the  American  Med.  Asso.,  February  21, 1903. 

*  Com pt. -rend,  du  xii.  Congres  international  de  M^.,  Moscow,  vol.  iv.,  August, 
1897,  pp.  385-386. 

'  Aerztl.  Verein,  Hamburg,  1900. 
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Hyde  and  Montgomery  aud  Ormsl»y'  state  the  following:  "In  »  1 
few  casps  of  acne  rosacea  our  use  of  tlie  X-rays  has  been  followed  by  ft  h 
very  marked  improvement.  lu  two  verj'  extensive  and  very  sievere  caaet  1 
of  acne,  which  had  resisted  for  months  all  our  efforts  at  treatment,  tha  '' 
eruptive  sjraptonis  disappeared  completely  under  the  use  of  the  X-rays.  I 
In  other  cases  a  few  exposures  have  seemed  to  materially  aid  the  oth«  l| 
treatmeut  employed.  || 

"The  cases  of  acne  in  which  radio-therapy  is  of  unquestionable  ii 
value  are  those  in  which  the  disease  is  limited  to  a  small  area.  Here  the 
treatment  may  be  pushed,  if  necessary,  to  the  point  of  producing  atrophy  i 
of  the  afleeted  glands  and  follicles.  When  many  scattered  glands  ar»| 
involved  and  new  lesions  are  constantly  forming,  radio-therapy  givM  ! 
temporary  benefit,  but  could  not  be  exi>ected  to  prevent  recurrence  Ot*t 
the  lesions  unless  the  treatmeut  be  carried  far  enough  to  produce  genersl  1 
atrophy  of  the  sebaceous  glands  of  the  face.  Bnt  the  sebaceous  glandA  ' 
have  a  function  to  perform,  and  to  pi-oduce  a  general  atrophy  of  these  I 
glands  of  the  face  must  be  a  queatioualile  procedure  nntil  we  can  deter'  il 
mine  what  effect  such  a  course  would  have  on  the  skin  ten,  twenty,  W  J 
forty  years  later."     (Figs.  222,  223.)  fl 

Sycosis,  i 

J.  F.  Rinehart'  s]>eaks  of  the  advantages  of  the  treatment  .>f  tln-se  ^ 
cases  by  the  X-i-ay.     The  treatment  is  thorongh,  jiaiiilrvv,  ;iiiil  iIuti-  is 
but  little  scar  tissue  left  after  healing.     He  reports  a  number  of  illustra- 
tive cases,  and  urges  that  too  mucli  haste  to  obtain  reaction  is  often 
productive  of  marked  inflammation. 

The  treatment  of  sycosis  by  X-rays  was  suggested  and  first  carried 
out  by  Scbiff  and  Freuud,'  and  there  ai'e  luimerous  reports  in  the  litera- 
ture testifying  to  its  success.  Successful  ca.ses  have  been  reported  by 
Hahn,'  Spiegler,'  Rinehart,'  Scholtz,'  Gassman  and  Scheukel,'  Torijk 
and  Schein,*  and  others.  The  treatment  has  proved  equally  efficacious  in 
parasitic  and  non-parasitic  sycosis.  In  some  of  the  cases  the  patients 
have  remained  well  a  year  after  tbe  cessation  of  treatment.  A  typical 
successful  caise  of  parasitic  sycosis  is  that  reported  by  Zechmeister. "    In 

'  The  Journal  of  the  American  Medical  Association,  January  3,  1903. 
'Philadelphia  Med.  Jour..  1902.  ix.  p.  221. 

•Wien.  med.  Wochens.,  1897,  xlvil.  p.  856  ;  Fortadir.  a.  d.  Geb.  der  Runtgenstnh- 
len,  1899,  iil.  p.  109. 

*  Deut.  med.  Wochena.,  1901,  sitvii.  V.  B.,  p,  29. 
'  Arch,  f.  Derm,  u,  Sj-ph.,  1901 .  tvi.  p.  131. 
•Philflila.  Med.  Journal,  1902.  is.  p.  221. 
'Arch.  f.  Derm.  u.  Syph.,  1902,  lix.  p.  421. 
*Fort8chr.  a,  d.  Geb.  d.  Riinlgenstrahlen.  1899,  ii.  p.  121. 
•Wien.  med,  Wochena.,  1902,  lii.  p.  847. 
"Monataheft  f,  prakt.  Derm.,  1901.  xxxii.  p.  329. 
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this  case  the  face  was  covered  with  deep  follicular  pustules.  Hyphomy- 
cetes  had  been  demonstrated  around  the  roots  of  the  hair.  After  five  strong 
exposures  there  was  a  slight  reddening  and  scaling  of  the  pustules.  Ten 
days  later  the  pustules  had  vanished,  and  in  two  weeks  more  the  disease 
had  entirely  disappeared.     Three  months  later  there  was  no  recurrence. 

Dr.  J.  Zeigler*  reports  very  good  results  with  the  X-rays  in  four 
cases  of  sycosis ;  after  two  or  three  radiations,  pustules  ceased  to  form, 
where  epilation  had  taken  place  new  hairs  began  to  show  after  two 
months,  and  no  relapse  has  since  appeared. 

Schiflf  and  Freund  *  speak  of  X-ray  treatment  of  sycosis  as  follows : 
^^When  the  rays  were  applied  seven  times,  complete  recovery  was 
obtained,  leaving  the  skin  smooth  and  free  from  all  Inflammatory  con- 
tractions. The  action  of  the  rays  seems  to  be  anti-parasitic,  as  no 
recurrence  had  appeared  after  the  second  month." 

Pruritus  Ani  and  Pruritus  Vulv^. 

Dr.  J.  Bawson  Pennington '  has  treated  several  cases  of  pruritus  ani 
with  the  X-rays.  In  one  case,  after  the  third  treatment  he  began  to 
notice  a  change  for  the  better.  The  exposures  were  continued,  and  the 
tough,  leathery  condition  soon  began  to  disappear.  As  it  passed  away 
the  itching  subsided.  There  has  been  no  itching  for  the  last  four  months, 
and  the  skin  is  normal  to  the  touch. 

In  another  case  the  patient  had  previously  undergone  treatment  for 
hemorrhoids.  Pruritus  followed  the  operation  and  had  been  very 
obstinate  since.     A  few  exposures  to  the  X-rays  eliminated  the  trouble. 

He  also  reported  a  series  of  thirteen  cases  of  pruritus  ani  wherein 
most  of  the  cases  were  cured  by  the  rays  and,  though  still  under  treat- 
ment, all  improved.  The  skin  is  left  smooth,  soft,  clean,  and  pliable. 
While  there  is  no  objection  to  the  use  of  other  procedures  in  conjunction 
with  the  X-rays,  none  was  employed  in  these  cases,  proving  that  the 
successful  results  were  entirely  due  to  radio-therapy. 

Scholtz*  has  seen  improvement  in  a  case  of  pruritus  vulvas,  and 
Sjogren  and  Sederholm*  have  reported  seven  cases  of  pruritus  vulvae 
which  were  decidedly  relieved  by  this  means. 

Xeroderma  Pigmentosum. 

At  the  Edinburgh  Medico-Chirurgical  Society,  Dr.  Allan  Jameson  • 
exhibited  a  little  girl  suffering  from  xeroderma  pigmentosum  which  had 

*  Journal  of  the  American  Med.  Asso.,  February  21, 1903,  p.  513. 

*  La  Prease  M^dicale,  May  27,  1899. 

'  New  York  Medical  Journal  and  Philadelphia  Medical  Journal,  February  20, 1904. 

*  Arch.  f.  Derm.  u.  Syph.,  1902,  lix.  p.  421. 
*Fortech.  a.  d.  Geb.  d.  Rontgenstr.,  1901,  iv.  p.  136. 

•Journal  of  the  American  Medical  Association,  February  14,  1903;  lancet, 
London,  1903,  i.  p.  105. 
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been  treated  by  tbe  X-rays.  At  the  age  of  twelve  months  she  b^an  toi 
develop  freckles  at  the  side  of  the  nose.  Later  telangiectases  and  wbitishi 
spots  appeared  on  her  face.  The  disease  had  extended  to  tbe  bands  ai 
wriste.  When  first  seen,  there  vas  an  epithelioniatoiis  growth  tbe  size' 
of  a  sixpence  on  the  tip  of  the  nose  and  namerous  warty  excreaeeuoai 
on  the  face.  Thirty-four  exposnres  to  the  rays,  of  five  minutes  each  for 
the  face  and  thirteen  minutes  for  the  right  hand,  were  given.  The  growth 
on  the  nose  and  the  warty  growth  both  disappeared.  The  nose  is  noi 
whiter  than  tbe  rest  of  the  face,  an<l  there  is  a  marked  improvement  il 
the  right  as  compared  with  the  lelt  band. 

PSOBIABIB. 

Attempta  to  employ  i-adio-tberapy  in  tbe  treatment  of  psoriasis  bavft 
thus  far  given  positive  I'esults  in  tbe  bauds  of  Zienissen  and  Alben-' 
8chont>erg.  Jutassy  has  also  made  experiments  in  this  direction,  hut  bis 
results  are  as  yet  incomplete.  Grouveu  and  Habn '  have  reported  moot 
favorable  results. 

Hyde  and  Montgomery  and  Ormsby '  report  their  experiments  withi 
this  disease  as  follows  :  "  We  have  treated  thirty-two  cases  of  psoriasis' 
with  radio-therapy,  causing  in  each  case  a  temporary  disappearance  of 
tbe  lesions.  From  four  to  ten  treatments  on  a  given  group  of  lesions  were 
usually  sufficient  to  cause  them  to  disappeai-  entirely,  except  for  a  eertaia. 
amount  of  pigment.  In  lesions  in  which  tbe  thickening  was  but  modern 
ate,  the  scales  often  disappeared  after  tbe  second  or  third  treatmenb,' 
Belief  from  itching,  when  such  is  present,  occurs  about  the  same  time. 

'■  111  tlic  treatment  of  jTsoriasis  \vc  use  a  fairly  soft  lulie  and  very 
short  exposures,  at  a  distance  of  ten  or  twelve  inches.  It  has  not  been 
necessary  in  any  case  to  produce  any  visible  evidences  of  reaction,  not 
even  in  erythema  or  pigmentation.  The  influence  of  the  rays  on  psoriasis 
is  in  keeping  with  the  fact  demonstrated  by  one  of  us  (Hyde)  twelve 
years  ago,  and  frequently  since,  that  some  psoriatic  patients  can  free 
their  skin  of  all  lesions  by  prolonged  baths." 

F.  S.  Burns  *  states  that  the  treatment  of  this  disease  by  means  of 
the  Bontgen  rays  has  been  thoroughly  tested,  and  no  lesion  has  failed  to 
disappear  under  this  form  of  treatment,  even  though  the  cases  have 
resisted  all  other  forms  of  treatment  for  a  considerable  period  of  time. 
He  bases  his  conclusions  on  a  series  of  150  cases. 

Morris  and  Dore '  state  that  they  have  seen  good  results  in  chronic 
patches  of  psoriasis.  From  four  to  ten  treatments  were  usually  safBcient^ 
in  a  given  group  of  lesions,  to  cause  them  to  disappear  entirely. 

'  NiederrheiniHche  Geeellschaft  fur  Natur-  tind  Hellbunde  in  Bonn,  11,  ii.,  1901. 
'Journal  of  the  American  Medical  Association,  January  3,  1903,  p.  4. 
'  Boston  Medical  Journal,  October  23, 1903. 
•British  Med,' Journal,  June  6,  1903. 
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Dr.  E.  S.  Ferris*  relates  the  following  case :  Patient,  age  50,  has  had 
psoriasis  as  long  as  he  can  remember.  At  intervals  he  has  undergone 
both  local  and  constitutional  treatment,  the  only  result  of  which  was  an 
apparent  lessening  of  the  scales  for  a  short  time.  Occasionally,  even 
while  under  treatment,  there  was  diminished  activity  manifested  by  dis- 
appearance of  scales  and  a  pallor  of  the  red  patches,  but  the  papules 
never  disappeared.  On  October  1,  1902,  he  presented  himself  for  treat- 
ment. '^  I  found  the  disease  involved  the  skin  covering  almost  the  entire 
body.  After  trying,  various  treatments  and  brush  discharges,  I  gave  him 
sixteen  X-ray  applications  to  his  back  only,  consisting  of  three  expo- 
sures of  ten  minutes  each.  On  the  day  following  the  sixteenth  sitting,  I 
found  the  skin  tender  and  of  a  dusky  hue ;  later  a  more  marked  reaction 
was  manifested.  After  ten  days  all  traces  of  the  disease  except  slight 
redness  had  disappeared  from  the  part  treated.  Even  this  redness  was 
gone  in  another  week,  and  the  lesion  on  the  chest  vanished  at  the  same 
time.  This  success  encouraged  me  to  apply  the  X-rays  to  the  other 
parts  involved,  with  the  same  happy  results.  At  present  there  is 
absolutely  no  trace  of  the  former  trouble ;  the  skin  is  smooth  and  soft 
and  of  normal  color." 

Drs.  Sjogren  and  Sederholm,  of  Stockholm,'  state  that  two  cases 
of  psoriasis  treated  with  the  X-rays  were  not  in  the  least  benefited 
thereby. 

Senile  Leg  Ulcjees. 

In  1904,  in  the  service  of  Dr.  Ernest  Laplace  at  the  Philadelphia 
Hospital,  I  exposed  twenty  senile  leg  ulcers  to  the  action  of  the  rays. 
Thfe  patients'  ages  varied  from  50  to  65.  Before  treatment  the  ulcers  had 
an  angry  appearance  and  an  offensive  odor,  with  no  granulations.  They 
were  treated  through  sterile  unmedicated  bandages. 

In  most  of  the  cases,  after  several  months'  treatment,  a  slight  der- 
matitis resulted,  and  the  applications  were  discontinued.  The  secretion 
was  checked,  the  odor  disappeared,  and  granulations  began  to  sprout. 
The  areas,  which  previously  had  been  measured  and  photographed, 
showed  a  decrease  in  size.  Three  of  the  patients  are  still  at  the  hospital 
and  are  almost  cured.  Of  the  other  seventeen  some  have  since  died  and 
others  have  disappeared  from  observation. 

Varicose  Veins. 

McGuire '  reports  two  cases  of  varicose  veins.  The  first  patient  was 
a  woQian,  aged  45,  with  eczema  of  both  legs,  complicated  with  varicose 

*  American  Electro-Therapeutic  and  X-Ray  Era,  May,  1903. 

*  Fortschritte  auf  dem  Gebiete  der  Rontgenstrahlen,  June,  1901. 
•Medical  Record,  September  1,  1906. 
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veins  and  an  ulceration  on  the  right  leg.  The  ulcer  resisted  all  treatment 
until  the  application  of  the  X-rays.  This  caused  intlauinmtion  of  the 
akin,  which  extended  over  the  whole  surface  of  the  leg.  The  treatment 
was  stopped  for  four  days,  when  it  ytaa  again  tried.  IiiflammatioD 
resulted,  but  during  the  next  five  days,  without  the  application  of  the 
X-rays,  the  dermatitis  gradually  subsided  and  by  the  end  of  the  week  bad 
disappeared.  The  ulcer  completely  healed  and  the  varicose  veins  disap- 
peared. The  second  patient  was  a  man,  50  years  of  age,  with  a  lai^e 
bunch  of  varicose  veins  on  the  right  leg.  Treatment  by  the  X-raya  is 
gradually  reducing  the  tumor  and  without  causing  any  great  reaction  of 
the  tissues.  The  rays  cause  contraction  and  atrophy  of  tlie  tisBoes  and 
those  of  low  vitality  easily  break  down. 

Hyferidbobib. 

Dr.  J.  T.  Duun'  has  treated  a  number  of  cases  of  hyperidroei% 
and  aeserts  that  it  is  necessary  to  produce  reaction,  by  short  repeated 
treatments,  until  complete  destruction  of  the  sweat  follicles  has 
occurred. 

In  treating  cases  of  hyperidrosis  involving  the  palmar  surface  of 
the  hands,  it  is  necessary  to  be  exceedingly  cautious,  as  the  reaction  ia 
usually  easily  produced  and  pain  is  very  severe  in  such  cases.  It  ia  hia 
experience  that  reaction  appeai-s  after  aix  or  eight  treatments  of  tea  ■ 
minutes  each  when  ajiplied  to  the  jkiIhis  of  the  hands ;  and  on  account 
of  the  density  of  tissue  involved,  pain  is  severe  if  the  reaction  i» 


Kbaurosis  Vult.*:. 

Dr.  G.  H.  Stover'  reports  the  case  of  a  woman,  aged  50,  who  had 
suffered  severely  from  kraurosis  vulva;  for  several  years.  She  waa  told 
that  we  knew  nothing  whatever  of  the  effect  of  the  X-ray  in  this 
condition,  and  with  that  onderatanding  an  exposure  was  made,  a 
tube  of  medium  vacuum  being  employed.  The  exposure  was  made 
at  2  P.  M.  in  March,  1903 ;  that  evening  her  auffering  was  so  great 
that  her  family  physician  waa  called.  Some  hours  after  the  raying 
he  found  the  diseased  area  redder  than  common,  swollen  and  cedem- 
atous,  the  appearance  being  much  like  that  of  erysipelas.  Further 
radiation  was  decided  gainst,  and  after  a  week  or  two,  when  the 
inflammation  had  subsided,  the  affected  tissue  was  excised.  Possibly 
the  rubbing  and  cleansing  which  the  patient  had  given  the  parts  may 
have  had  an  unfavorable  influeuce- 

'  American  Electro-TherapeuUc  and  X-Ray  £ra,  December,  1903,  p.  460. 
'  New  York  Medical  Journal,  Febnmry,  1804. 
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Leprosy. 


H.  B.  Wilkinson/  who  has  had  the  good  fortune  to  study  exten- 
sively the  subject  of  leprosy,  reported  ui)on  a  series  of  thirteen  cases 
to  the  Manila  Medical  Society,  October  12,  1905. 

He  began  the  treatment  of  leprosy  with  the  X-rays  during  January, 
1904,  with  a  ten- inch  spark  machine,  with  which  he  used  a  bifocal  tube. 
That  portion  of  the  patient  which  presented  the  greatest  amount  of  infil- 
tration was  exposed  to  the  direct  rays  of  the  tube  at  a  distance  of  about 
ten  inches.  The  exposure  lasted  about  ten  minutes  and  was  repeated  at 
intervals  of  several  days.  His  object  was  to  approach  as  near  as  possi- 
ble to  the  burning  point  without  actually  producing  a  burn.  He  called 
particular  attention,  however,  to  the  fact  that  a  cure  resulted  in  the  two 
cases  which  were  accidentally  burned.  After  two  or  three  successive  treat- 
ments, a  blushing  of  the  skin  is  often  observed,  which  is  later  followed 
by  scar  formation.  A  tabulated  statement  of  the  thirteen  cases  treated 
showed  that  three  were  cured,  seven  improved,  and  three  not  improved. 

He  is  inclined  to  believe  that,  when  a  local  lesion  of  leprosy  is  treated 
with  X-rays,  the  organisms  there  localized  are  killed  and  their  bodies 
absorbed  by  the  system,  thereby  producing  an  immunity  against  the 
living  organisms.  This,  as  may  be  seen,  would  be  practically  analogous 
with  the  immunization  of  individuals  against  bubonic  plague  by  injecting 
into  them  killed  cultures  of  plague  organisms.  In  his  cases  he  simply 
grew  the  culture  of  lepra  bacilli  in  the  human  body  as  a  culture  medium 
and  then  killed  them  by  the  use  of  the  X-rays.  In  support  of  this  theory, 
he  cites  the  following  facts  :  1.  The  treatment  of  one  leprous  spot  on  a 
patient  produces  improvement  in  spots  at  a  distance  from  the  one  actually 
treated.  2.  The  cure  in  the  distant  si)ots  seems  to  progress  parallel  to — 
and  to  be  just  as  complete  as  in — ^the  one  treated.  3.  The  best  results 
seem  to  be  obtained  only  when  treatment  is  pushed  to  the  point  of  killing 
or  beginning  to  kill  the  tissues,  which  would  also  probably  be  to  the 
point  of  killing  the  organisms.  4.  Cases  in  which  there  are  massive 
localized  leprous  dei)osit8  are  most  rapidly  improved.  There  is  an  abun- 
dance of  culture  on  which  to  operate  and  thereby  produce  immunity 
more  rapidly.  5.  In  diffuse  general  involvement  of  slight  degree  or 
atrophic  character,  where  there  are  only  a  few  scattered  organisms,  little 
success  is  to  be  expected. 

Sequeira*  reports  a  nodulated  form  of  leprosy  of  the  skin  which  has 
shown  marked  improvement ;  the  hard  masses  became  soft  and  flat. 

Scholtz'  treated  two  cases  of  leprosy  with  X-rays  without  results; 
de  la  Camp  also  obtained  negative  results. 

* "  Some  Observations  on  Leprosy  in  the  Philippine  Islands,  with  an  Account  of 
its  Treatment  with  the  X-ray,"  Medical  Record,  December  9,  1905,  reported  by  a 
special  correspondent  at  Manila. 

•British  Medical  Journal,  September  28,  1901,  p.  851. 

'Arch.  f.  Dermat.  u.  Syphilis,  vol.  lix.,  1902,  pp.  443-444. 
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II.  Malignant  Growths.  ^^^^| 

A.   EriTBELIOMA.  ^^^^H 

III  tlie  X-my  treatment'  of  epitbeliomata  a  namber  of  circainraMeiq 
must  be  considered, — the  rapidity  of  the  growth,  its  character,  location 
aud  glaiidalar  iuvolvement,  age  of  the  patient,  and  tlie  state  of  bealtbr' 

\Vlien  the  epithelioma  has  grown  rapidly,  I  adviao  an  immediato' 
operation  and  siibaeyuent  X-ray  ti-eatment.  In  ciwes  of  slow  growth  I 
am  iu  fiivor  of  X-my  treatment  only.  (Figs.  224,  225,  and  226.)  Tbf' 
severity  of  an  epitheliomatous  growth  is  largely  dependent  on  Uie  proxim- 
ity  of  thelymphatic  chain  of  glands.  Thus,  such  an  ulcer  of  the  tipper  lip 
is  far  less  likely  to  produce  metastases  than  one  of  the  lower  lip,  aud  cob- 
sequently  irradiation  of  the  former  will  yield  the  better  results.  Likewtaa 
the  anterior  portion  of  the  tongue  affords  better  results  in  treatment  thaa 
the  posterior  part.  Again  it  is  easier  to  irradiate  the  external  than  tha 
internal  canthus  of  the  eye,  because  of  the  excess  of  lachrymation  prth 
duced  when  the  latter  is  treated.  In  making  a  prognosis  it  is  essential' 
to  differentiate  between  the  forms  of  epithelioma  very  wirefully,  Htnet' 
these  neoplasms  vary  in  their  malignancy  according  to  their  locality  and' 
the  depth  of  the  tissues  involved. 

The  results  obtained  in  the  treatment  of  epithelioraata  by  the  Ront-{ 
gen  rays  have  more  than  satisfied  its  most  sanguine  advocates.  Thit, 
these  niiiligniint  cnlitneiiiis  (jmwtlis  can  be  iniidf  toflisappeiir  entii'ely  has 
been  the  common  experience  of  Eontgeu  therapeutists. 

Carl  Beck,  of  New  York,'  and  others  make  a  statement  which  ia 
slightly  at  variance  with  the  ^iews  of  certain  noted  investigators  in  this 
line.  They  deem  it  essential  to  remove  surgically  all  such  diseased  areas. 
This  they  regard  as  the  most  valuable  form  of  treatment ;  notwithstuid- 
ing  this  fact,  they  assert  that  it  is  proper  to  employ  the  rays  aft«r  the 
growth  has  been  excised.  It  is  my  belief,  and  which  I  have  abandaotly 
confirmed,  that  the  X-rays  should  be  applied  without  any  surgic^ 
intervention. 

W,  Merrill  and  W.  Johnson'  were  the  first  in  this  country  to  report 
the  resalts  obtained  in  malignant  diseases  by  treatment  with  the  X-r^s. 
Their  first  case,  one  of  cutaneous  cancer  of  small  dimensions,  was  cared 
iu  October,  1899.  The  dischai^  soon  ceased,  pain  was  relieved,  and  in 
general  the  result  was  satisfactory. 

Another  case  reported  was  an  epithelioma  affecting  principally  the 
nose  and  involving  the  nasal  septum.  The  case  waa  carefully  watched, 
and  one  year  later  no  apparent  sign  of  recurrence  was  demoDStrable. 

In  the  third  patient  the  cutaneous  cancer  affected  the  lower  part  of 
the  bridge   and  tip  of  the  nase.     The   treatment  was  the  same  as  waa 

'  Medical  Record,  Febmary  7,  1902. 

'  Philadelpbia  Medical  Journal,  December  8, 1900,  vi.  p.  1069. 
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applied  in  the  other  two  cases,  except  that  the  exposures  were  shorter 
in  duration  and  more  frequent.  After  an  interval  of  three  years  the 
patient  has  no  sign  of  a  recurrence. 

They  also  reported  sixteen  additional  cases  ^  regardless  of  their  length 
of  existence,  extent  of  tissue  involved,  and  previous  treatment  received  ; 
ten  patients,  or  62.5  per  cent.,  are  apparently  cured  ;  four  other  cases,  or 
25  per  cent.,  show  improvement,  and  three  of  these  give  promise  of 
ultimate  recovery  under  further  treatment. 

Sjogren  *  states  that  in  nearly  all  his  cases  of  epitheliomata  treated 
by  means  of  the  rays,  a  change  for  the  better  might  be  observed  even 
though  apparently  no  inflammatory  reaction  developed.  He  seems  to  be 
convinced  that  in  order  to  bring  about  an  absolute  cure  one  must  set  up 
an  inflammatory  reaction  of  intense  severity.  This  causes  a  degenera- 
tion of  all  (or  at  least  the  majority)  of  the  embryonic  cellular  elements, 
which  is  the  aim. 

Wni.  Sweet,  of  this  city,'  reports  most  satisfactory  results  obtained 
from  his  treatments  in  three  cases  of  epitheliomata  involving  the  tissues 
surrounding  the  eyeball. 

William  Allen  Pusey  *  reports  having  treated  several  cases  of  epi- 
thelioma, in  which  there  was  no  involvement  of  the  deeper  orbital  tissues, 
and  all  resulted  in  cures  where  sufficient  treatment  was  permitted.  "No 
relapses  have  occurred,  and  some  of  the  cases  were  treated  about  three 
years  ago. 

Wm.  M.  Sweet*  believes  that  it  is  no  longer  right  to  resort  to  plastic 
operations  in  cases  of  epithelioma  in  ocular  affections,  basing  his  judg- 
ment on  the  successful  results  of  eighteen  out  of  twenty  cases  treated. 

Allen*  treated  five  cases  of  Jacob's  or  rodent  ulcer,  which  were 
entii-ely  cured  by  the  application  of  the  X-rays.  Two  of  these  involved 
the  lower  eyelids,  two  the  nose,  and  one  the  centre  of  the  check.  All 
these  were  of  long  standing  and  very  slow  development :  one  of  them,  at 
the  side  of  the  nose,  had  been  developing  for  fifteen  years.  When  once 
cured  by  the  X-rays,  these  lesions  seldom  recur. 

De  Schweinitz  ^  has  had  four  cases  of  **  entire  and  rapid  cicatriza- 
tion,'' with  no  relapse.  In  two  additional  cases  the  results  were  entirely 
negative,  or  possibly  the  condition  was  aggravated.  In  one  of  the  latter, 
excision  was  practised  with  subsequent  application  of  the  rays,  without 

^  American  Medicine,  August  9,  1902. 

'  Fortschritt.  a.  d.  Greb.  d.  Rontgenstrahlen,  1901. 

•  American  Medicine,  December  13, 1902. 
^Chicago  Medical  Reporter,  April,  1902. 

*  Medicine,  April,  1904. 
•Trana.  Amer.  Derm.  Asso.,  1903. 

^  Personal  statements  made  to  Dr.  G.  Oram  King  and  embodied  in  an  article, 
"The  Value  of  X-rays  in  Ocular  Therapeutics,'*  Journal  of  the  American  Medical 
Association,  September  29,  1906. 
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recnrrence.  De  Scbweiiiitz  concludes  the  rays  shimld  l>e  tried  for  a  o«f-  ' 
tain  period,  and,  if  the  results  arc  not  good,  then  excision  with  or  without 
plastic  operation  should  b^  practised. 

Charles  Lester  Leonard,'  whose  experience  has  been  extensive  in 
treatment  of  epitheliomas  and  various  skin  lesions  involving  the  eyelid^ 
regards  it  as  uniformly  aud  permanently  successful.  Baker'  writes  that 
he  has  had  five  eases  of  rodent  ulcer,  with  pei'fect  recovery.  One  i^aat 
of  special  interest  had  been  under  observation  for  ten  years;  all  thi> 
time  the  disease  was  slowly  progressive  ;  not  ouly  the  eye,  but  the  cheek 
and  temple  were  involved.  The  eye  was  enucleated  and,  later,  X-ray 
applications  were  made  for  a  year  or  more  less  regularly,  resulting  ia 
complete  cicatrization,  with  no  evidence  of  recurrence  at  the  end  of  four 
yeare.  In  a  sixth  severe  case,  in  which  both  X-rays  and  radinm  wei* 
nsed,  a  complete  cure  has  been  effected,  the  curative  agent  being,  ia 
Baker's  judgment,  the  Bcintgen  rays.  In  eight  cases  of  epithelioma  tlM 
results  have  been  entirely  satisfactory,  although  in  most  of  the  cases  tba 
knife  was  used  and  followed  by  the  S-rays.  There  have  been  no  reeiw' 
reiices.  Baker  had  two  cases  of  lupus  involving  the  eyelids,  that  haw 
been  "very  greatly  improved  if  not  entirely  cured  by  the  X-raj*s."  I 

Hermann  Knapp'  has  seen  "four  temporary  results  in  epithelioi 
and  the  like."     Steveuson'  has  used  the  X-rays  with  success  in  treatmt 
of  lupus  of  the  eyelids  only.     Newcomet '  advises  me  that  he  has  treated! 
about  thirty  cases,  few  of  which  have  shown  any  disposition  to  rwufji 

The  names  of  a  host  of  foreign  and  liimie  workers  in  ophthalmo- 
logic lines  or  electrotherapy  could  be  adde<:l  if  additional  testimony 
were  needed. 

J.  F.  Schamberg'  treated  a  case  of  marked  interest, — an  epithelioma 
involving  not  only  the  lids,  but  the  conjunctiva  as  well.  A  perfect  cure 
was  effected,  and  after  two  years  Schamberg  reports  no  recurrence. 

Drs.  Hyde,  Montgomery,  and  Ormsby'  have  been  very  Bnccessful 
in  treating  fifty-five  cases  of  epithelioma;  in  a  uunit)er  of  the  cases 
the  m^or  part  of  the  growth  disappeared,  in  twenty-five  cases  the 
lesions  have  been  entirely  replaced  by  scar  tissue,  and  there  has  been 
no  evidence  of  recurrence  during  periods  varying  from  two  to  nine 
months. 

In  surface  carcinoma  involving  deeper  tissue  their  resDlts  have  not 
been  uniformly  satisfactory. 

Dr.  W.  B,  Coley'  reports  that  out  of  forty-four  cases  of  epithelioma 
of  the  various  regions  of  the  face  and  head  only  four  cases  were  cored. 

'  PereoDHl  statements  made  to  Dr.  G.  Oram  King  and  embodied  in  an  article, 
"TheValne  of  X-raye  in  Ocular  Therapeutics,"  Journal  of  the  AmericMi  Mediixl 
Aeeociation,  September  29,  1906. 

■  Ibid.  '  Ibid,  '  Ibid.  '  Ibid.  •  Ibid. 

'  Journal  of  the  American  Medical  AsBOciation,  January  3,  1903. 

'Annals  of  Surgery,  August,  1905. 
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Dr.  A.  D.  Rockwell*  treated  two  cases  of  epithelioma,  giving 
forty-five  and  forty-seven  exposures  respectively ;  recovery  occurred  in 
both  cases. 

Dr.  G.  G.  Burdick*  reports  80  cases  of  epithelioma,  involving  the 
skin  only,  treated  by  the  X-rays.  There  were  no  recurrences.  In  cases 
of  epithelioma  situated  at  the  muco-cutaneous  junctions,  he  advises 
removal  of  the  glands  in  the  vicinity.  After  an  interval  of  two  years, 
this  method  was  in  23  cases  followed  by  no  recurrence. 

Dr.  Chas.  L.  Leonard*  reported  a  case  of  epithelioma  of  twelve 
years'  standing,  which  has  remained  healed  for  two  years. 

Dr.  Russel  H.  Boggs  *  treated  12  cases  of  primary  epithelioma ;  9  of 
them  were  apparently  cured,  1  almost  cured,  2  very  little  improved. 

Dr.  G.  P.  Girdwood  *  reports  8  cases  of  typical  rodent  ulcer ;  4  of 
them  completely  healed  and  the  other  4  did  not.  He  treated  all  with  the 
same  apparatus  and  technic.  He  asks,  ^^Is  it  simply  the  difference  of 
constitution,  or  is  there  some  difference  which  the  microscope  does  not 
reveal  that  should  make  so  great  a  difference  in  the  result  t " 

I  have  had  similar  failures,  and  am  of  the  opinion  that  previous 
surgical  treatment  and  the  special  location  of  the  growth  are  important 
governing  factors.  French  pathologists  believe  that  different  epitheliomas 
present  different  histological  characteristics. 

In  the  above  reports  we  notice  a  great  diversity  of  opinion.  Some 
prefer  the  soft  and  others  the  hard  tube.  Views  also  vary  as  to  the  dura- 
tion of  the  stances  and  their  frequency.  It  is  asserted  by  some  that  a 
slight  dermatitis  is  always  to  be  aimed  at,  in  order  to  obtain  the  proper 
action.  The  great  variety  of  cases  encountered  will  allow  of  no  special 
technic ;  the  peculiarities  of  the  epitheliomas  themselves  will  frequently 
dictate  the  method  to  be  pursued. 

Sequeira,*  who  treated  45  cases  of  rodent  ulcer  since  June,  1901, 
states  that  the  ulcers  healed  rapidly  and  large  cavities  filled  up,  but  that 
he  had  had  difficulty  with  the  hard,  raised  edges.  He  also  observed 
slight  recurrences. 

He  likewise  reported  83  cases  of  rodent  ulcer,  34  of  which  were 
healed,  and  the  majority  of  the  remainder  were  still  under  treatment. 
He  found  that  when  cartilages  of  the  nose  and  bones  were  involved, 
the  condition  was  unfavorable. 

He  observed,  microscopically,  a  destruction  of  the  epithelial  cells, 
and  in  some  of  them  a  fatty  change  occurred  and  the  connective-tissue 
elements  were  also  stimulated,  and  this  stimulation  caused  the  filling  of 

*New  York  Med.  Journal,  April  7,  1906. 

*  Transactions  of  the  American  Rontgen  Ray  Society,  1905. 
» Ibid. 

*  Ibid. 

^  Transactions  of  the  American  Rontgen  Ray  Society,  1906. 
•British  Medical  Journal,  September  28,  1901. 
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cavititw  and  the  formation  of  healthy  scar  tissue.  He  also  reoommendi 
the  use  of  the  actual  cautery  wheu  there  is  difficulty  in  causing  the  hard 
edge  of  the  growth  to  disapijear. 

Joseph  T.,  aged  63,  with  a  negative  family  history,  presented  U' 
epithelioma  of  tlie  dorsum  of  the  hand  the  size  of  a  half-dollar.  (Fig& 
227,  228.)  Two  mouths  before, — i.e.,  in  October,  1902, — after  two  yean 
of  apparent  cure,  the  lesiou  became  painful,  ulcerated,  and  began  t» 
spread.  The  trouble  began  twelve  years  ago,  with  a  small  papule  on  th*' 
back  of  the  right  hand.  This  grew  steadily  and  slowly,  and  defied  local  | 
measures.  Patient  was  subjected  to  X-ray  irradiation,  and  about  two 
and  a  half  or  three  years  later  I  reported  the  legion  healed,  but  it  subea- 
quently  reappeared,  and  at  the  beginuing  of  the  last  treatment  the  nicer- 
ation  had  reached  the  size  of  a  fifty-cent  piece.  Surface  appears  cleao, 
devoid  of  granulations,  with  rough  and  thickened  edges.  After  thir^ 
irradiations  the  patient  improved,  but  slight  dermatitis  forbade  further 
treatment.  Subsequently  the  growth  was  again  irradiated,  and,  at  tbA' 
expiration  of  sixty  treatments  in  all,  the  i>atient  made  a  perfect  recovery. 

The  technic  that  I  usually  employ  ia  to  irradiate  thrice  weekly  for 
thi-ee  weeks,  dui-ation  of  each  stance  about  eight  minut«B.  Crookei 
(soft)  tube,  10  to  12  inches  (25  to  30  cm.)  distance. 


I 


B.  Carcinoma. 

T!r'  ri-sults  sought  for  in  X-ray  treatment  of  carcinoma  depend  upon 
several  factors : 

Depth  and  rapidity  of  growth,  age  and  health  of  the  patient,  and 
technic  employed. 

The  deeper  the  growth  the  fewer  the  rays  that  will  reach  the  cancer- 
ous part,  most  of  the  rays  being  absorbed  by  the  skin.  We  cannot  posh 
the  treatment  as  we  should  desire,  for  to  do  so  would  be  to  cause  ft 
dermatitis  that  would  eventuate  in  gangreue  and  necrosis. 

In  cancers  of  rapid  growth  the  knife  should  precede  irradiation. 
To  do  otherwise  is  to  sacrifice  needed  radical  treatment  and  perhaps  life. 

After  operation  I  advise  irradiations  through  the  dressings,  in  order 
to  destroy  the  cancer  cells  left  by  the  surgeon.  If  small  snbcutaiiMHU 
nodules  should  appear  four  or  more  months  after  the  operation,  they 
should  be  irradiated.  I  have  seen  very  mauy  of  these  nodules  com- 
pletely removed  by  this  means.  Of  course  the  younger  and  the  mow 
robust  the  patient,  the  better  will  be  the  results  of  treatment 

I  cannot  agree  with  those  physicians  aud  pathologists  who  assert  that 
the  X-rays  hasten  cancerous  metastases ;  their  statement.,  that  the  rapid 
disintegration  of  the  cancer-cells  (that  cannot  be  eliminated  by  natural 
means)  must  invade  surrounding  tissue,  I  believe  to  be  faulty. 

Reports  of  X-ray  therapeutists  are  widely  divergent  as  to  the  value 
of  X-rays  in  the  treatment  of  cancer.     I  believe  that  this  is  lat:gely  dne 
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to  the  use  of  inefficient  apparatus  and  to  errors  in  diagnosis  (benign 
growths  being  mistaken  for  malignant  ones),  which  point  to  the  impera- 
tive necessity  of  examining  microscopically,  before,  during,  and  after 
irradiation,  sections  or  scrapings  of  the  growth. 

The  vacuum  of  the  tube  is  a  matter  of  prime  importance,  especially 
in  treating  the. deeper-seated  cancers ; — i.e.,  the  vacuum  should  be  high  in 
order  to  allow  of  a  deeper  penetration.  In  the  body  cavities, — as  the 
mouth,  rectum,  vagina,  etc., — I  believe  in  the  direct  application  of  the 
rays,  and  not  by  special  cavity  tubes. 

Probably  we  err  too  much  on  the  side  of  safety ;  apparently  the 
stances  are  too  brief,  we  too  often  fearing  the  production  of  a  severe  type 
of  dermatitis.  An  erythema  or  slight  dermatitis  is  unavoidable ;  per 
contra^  it  is  advisable  as  indicating  the  particular  individual  tolerance. 
I  do  not  endorse  the  Continental  method  of  massive  single  doses,  but  in 
common  with  our  own  operators,  I  strongly  advise  and  always  use  short 
and  frequently  repeated  exposures. 

I  do  not  confine  treatment  to.  the  involved  area,  as  the  disease  may 
have  invaded  surrounding  territory.  Thus,  in  treating  a  mammary 
carcinoma  I  irradiate  the  axillary  and  subclavian  glands  on  the  diseased 
side  and  also  the  opposite  breast.  This  applies  to  cancer  of  the  tongue, 
with  its  associated  cervical  lymphatics,  etc. 

Cancer  of  the  BreaMi — Perhaps,  as  &r  as  violent  malignant  disease  is 
concerned,  cancer  of  the  breast  is  more  favorably  influenced  by  the 
X-rays  than  the  same  disease  occurring  in  any  other  part  of  the  body. 

Personally,  I  have  encountered  quite  a  large  number  of  cases  of 
carcinoma  in  various  regions.  The  results  obtained  varied  considerably. 
Some  of  the  cases  showed  absolutely  no  effects  under  the  most  persistent 
treatment,  others  showed  slight  improvement,  while  in  only  four  cases  of 
mammary  carcinoma  I  succeeded  in  bringing  about  changes  for  the  better 
which  might  be  designated  absolute  cures.  I  shall  report  only  the  cases 
which  gave  very  good  results. 

Case  I. — A  woman,  aged  34,  had  rapidly  developed  a  carcinoma  of 
the  left  mammary  gland.  She  readily  consented  to  undergo  an  operation. 
Upon  palpation  we  could  not  discover  any  enlargement  of  the  axillary 
glands.  The  patient's  wound  granulated  rapidly,  so  that  it  was  appar- 
ently healed  in  the  course  of  four  weeks.  The  pathologist  diagnosed  the 
malignant  portion  as  an  adeno-carcinoma.  Two  months  after  the  opera- 
tion three  small  nodular  masses  developed  within  the  old  scar ;  they 
increased  in  size  and  ultimately  ulcerated.  The  patient  was  advised  to 
undergo  X-ray  treatment.  She  was  brought  to  me  three  months  after 
operation.  I  exposed  the  diseased  area  once  daily  for  one  week,  in- 
ducing by  these  frequent  applications  intense  inflammation,  and  from 
general  apx)earances  the  area  was  growing  rapidly  worse.  The  exposures 
lasted  for  eight  minutes  each,  the  tube  being  twelve  inches  (30  cm.) 
distant.  The  second  week  all  treatments  were  discontinued.  I  started  on 
so 
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the  third  week  giving  a  six-minute  exposure  every  third  day,  the  tub* 

being  fourteen  inches  distant  in  the  beginning,  and  gradually  brought 

down  to  eight  inches  (20  em. ),  nntil  the  last  expoaurc  had  been  given. 

The  wound  had  been  treivted  sisteeu  times  before  we  were  able  to  note 

any  changes.     These  changes  were  a  lessening  of  the  discharge  and  the 

formation  of  a  scab  from  the  drying  exudate.     The  patient  suffered  abeo- 

lately  no  jtaiu  in  the  beginning  of  the  treatments,  but  about  three  we«k8 

L  snbiteixueutly  Bhe  esi>erienccd   most  excruciating  agony.     This   would 

I  leaseu  considerably  after  each  treatment,  and  again  become  worse,  when 

I  it  would  subsequently  be  relieved,  and  so  on.     When  the  discharge  had 

Lall  discontinued,  the  pain  almost  entirely  subsided.     The  ulcers  seemed 

1  to  be  healing  at  the  edges  and  the  intense  induration  present  also  gradn- 

I  ally  disappeared.     In  all  I  gave  forty-five  treatments  and  efTected  a  care. 

I  I  have  watched  the  patient  for  nearly  sixteen  months,  and   tip  to  the 

I  present  time  no  signs  of  recurrence  have  been  noticed. 

Case  II, — The  patient  was  a  woman  of  62,  from  whom  carcinoma 
[  of  the  breast  had  been  removed.  On  operation  no  tuberculous  glands 
I  ooiUd  be  detected.  Bix  weeks  alter  operation,  before  the  wound  had 
f  fully  healed,  the  disease  recurred,  near  the  seat  of  the  former  nipple. 
I  The  patient  received  in  all  thirty-three  treatments ;  irnwliation  wa«  given 
I  every  fourth  day,  lasting  six  minutes.  The  disease  has  not  I'ecnri'ed  no* 
|ibr  eleveu  months. 

Case  III. — A  multiple  carcinoma  occurring  in  a  woman  63  yean  of 
age,  ;iffectiiig  thi'  breast.  The  involvement  hivd  nut  been  exiensive, 
though  sufficient  to  cause  alarm.  The  tissue  between  the  ulcerated 
nodules  was  normal,  though  the  skin  was  slightly  inflamed.  The  patient 
had  an  epithelioma  of  the  lip,  fourteen  or  fifteen  years  before,  operated 
on,  witli  no  signs  of  recurrence.  The  patient  had  been  actively  treated 
for  four  months,  and  occasionally  for  the  four  succeeding  months.  At 
first  the  treatments  were  given  every  fourth  day,  each  one  lasting  fron 
three  to  eight  minutes.  By  the  end  of  the  first  four  months  the  carciuom- 
atons  field  had  entirely  disappeared,  leaving  small  scars  very  difficnlt 
of  detection. 

Case  IV. — Mrs.  B.,  carcinoma  of  the  right  breast.  She  was  operated 
upon  by  Dr.  M.  P.  Warmuth,  on  September  29,  1903,  and  X-ray  treat- 
ment was  instituted  January  1,  1904.  I  gave  her  twenty-five  treatments, 
thrice  weekly.     Up  to  the  present  time  there  has  been  no  recurrence. 

Case  V. — Miss  J.  L.,  age  24,  a  nurse,  with  cancer  of  right  breast; 
her  mother  died  of  mammary  carcinoma.  Dr.  Warmuth  operated  in 
November,  1904,  and  I  instituted  X-ray  treatment  in  January,  1905.  In 
the  meanwhile  she  married.  On  October  10,  1905,  she  noticed  a  swellinf 
on  the  left  breast.  I  gave  her  ten  treatments  before  the  operation  and 
subsequently  the  left  breast  was  also  removed.  Post-operative  treat- 
ment was  given  for  a  period  of  three  weeks.  She  is  now  in  good  healtJi. 
Cahe  VI. — Mrs.  C,  was  operated  upon  by  Dr.  John  B.  Deaver,  on 
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November  27,  1905,  for  cancer  of  the  right  breast,  and  referred  to  me  by 
Dr.  Taylor.  I  began  X-ray  treatment  one  month  after  the  operation,  and 
gave  her  three  exposures  weekly  for  three  months,  duration  ten  minutes. 
Anodal  distance  ten  inches.  Both  breasts  and  axillary  regions  were 
irradiated.  At  present  I  treat  her  once  monthly.  She  is  perfectly  well 
and  there  is  no  sign  or  symptom  of  a  recurrence. 

Case  VII. — Mary  Moore,  age  51,  single,  housewife.  Family  history 
negative.  Duration  of  the  present  disease  ten  months  (secondary). 
The  trouble  began  as  a  small  white  papule  under  the  left  axilla.  Three 
months  later  the  patient  was  operated  upon  for  the  growth,  which  had 
increased  greatly  in  size  and  extent ;  surgical  measures  were  only  partly 
successful.  The  patient  was  treated  for  three  months,  thrice  weekly. 
Eventually  the  part  healed,  but  the  patient  died  from  metastatic 
involvement. 

Case  VIII. — Kate  Quinn,  age  61,  married,  housewife.  She  was  run 
down  by  a  bicycle  eleven  years  before  coming  to  me,  and  a  year  later 
there  appeared  over  the  site  of  the  traumatism  a  small  growth,  that 
increased  in  size  until  it  involved  nearly  all  of  the  right  breast ;  ulcer- 
ation occurred  and  spread  rapidly.  There  was  no  apparent  involve- 
ment of  the  adjacent  lymphatics.  Treatment  was  instituted  June  22, 
1904 ;  forty-five  exposures  were  given,  each  of  ten  minutes  duration. 
The  pain,  discharge,  etc.,  disappeared,  but  four  months  later  the  patient 
expired.    Death  was  due  to  general  infection. 

H.  Gocht  *  rei)orted  two  cases  of  carcinoma  of  the  breast  exposed  to 
the  influence  of  the  rays.  Both  of  these  cases  had  been  regarded  as 
inoperable.  No  cures,  however,  were  effected,  though  in  one  of  the  cases 
pain  was  almost  entirely  relieved.  The  other  case  died  before  any 
improvement  had  been  discerned. 

George  G.  Hopkins'  reported  two  cases  of  carcinoma  of  the  mam- 
mary glands  treated  by  the  rays.  The  first  case  was  entirely  cured  after 
thirty-two  treatments  had  been  given.  The  second  case  only  showed 
improvements,  such  as  lessening  of  discharge  and  pain  and  partial 
healing  of  the  ulcer. 

Ayers*  also  reported  the  results  obtained  in  two  cases  of  mammary 
carcinoma.  The  first  had  been  operated  on,  and,  before  healing  had  been 
completed,  areas  of  recurrence  of  the  disease  were  noticeable.  These 
areas  were  exposed  daily  for  four  minutes  during  three  and  a  half 
months.  Healing  was  absolutely  complete,  with  no  symptoms.  The 
second  case  had  a  great  deal  of  induration,  ulcerating  at  three  areas.  The 
axilla  had  also  been  much  involved.  The  results  obtained  were  a 
decrease  in  size  of  the  induration,  considerable  lessening  of  the  ulcerating 
discharge,  and  the  disapx)earance  of  all  pain. 

*  Fortscbr.  a.  d.  Geb.  d.  Rontgenstrahlen,  1897,  i.  p.  14. 

'Philadelphia  Medical  Journal,  1901,  viii.  p.  404. 

•The  Kanras  City  Medical  Index-Lancet,  1902,  xxiii.  p.  18. 


463  ELErTKO-THEUAPEUTICS.  ^^M 

ChiHholm  Williams '  ruporta  a  woiiiau,  42  yeare  old,  sitigli^,  liartn^^ 
Rcirrhous  form  of  recuntnt  ul«erative  taiciDoma  of  the  breiist  trouUxl  liy 
X-raya,  twice  a  week,  five  minutes  each  sitting;  in  all  28  expoeur« 
were  given.  There  has  lieen  no  rec-urrenp*  during  the  past  four  and  a 
half  years,  and  the  patient  is  still  in  excellent  health.  Ho  also  reports 
a  similar  case  in  which  lumps  in  the  axillary  region  disappeared  and 
remained  cured  for  three  years. 

;  I)r.  8.  M.  McCollin*  reports  a  recurrent   carcinoma  of   the  breatt 

'  with  an  ulcerated  surface  five  Ly  eight  inches.     The  putient  was  reUev««i 

[  of  all  pain,  skin  formed  over  tlie  ulcer,  and  life  was  prolonged  for  nwiriv 

I -one  year. 

I  Dr.  G.  H.  Bt«ver'  says  that  in  his  own  experience  prophylaclic 

treatment  has  resulted  iu  failure.  He  believes  that  this  may  be  due  to 
the  treatment  not  being  sufficiently  vigorous  or  continued  loiij;  eiiou^, 
He  thinks  anti-operative  treatment  is  of  Ijenefit.  Nor  is  Stover  alon^  id 
this  view,  a  number  of  skiagraphers  sharing  the  same  opinion. 

I  Dr.  R.  H.  BoggH'  observed  23  cases  of  carcinoma  of  the  bi'«ast;  13 

of  these  patients  wei-e  operated  upon  and  a  recurrence  had  taken  plan 

I  vlien  they  came  for  X-ray  treatment.  Up  to  the  present  time,  8  patient) 
bave  died,  2  have  lieen  lost  sight  of,  and  the  other  13  are  living;  7  d 
these  are  apparently  cured,  2  are  under  treatment,  and  the  oilier  4  are 
gradually  becoming  weaker.  Some  of  them  were  treated  tliree  years  a^, 
but,  of  course,  this  is  still  too  short  a  time  to  say  that  there  will  be  no 
recurrence. 

Dr.  Joseph  F.  Smith'  KJiys  that  in  carcinoma  of  the  bi-east  he  km 
seen  small  recurrences  along  the  line  of  incision  or  .small  nodular  invoke' 
ments  disappear  under  the  use  of  the  rays.  He  has  not  seen  any  patint 
in  whom  a  large  primary  carcinoma  of  the  breast  disappeared  under  tin 
use  of  the  X-i-ays.  ' 

Dr.  Ci.  G.  Burdick*  reports  a  cure  of  18  cases  of  carcinoma.     In  U   ] 
cases  the  tumor  and  enlai^e<l  gliiuds  disappeared.  1 

Dr.  W.  B.  Coley'  treated  'M  cases  of  carcinoma  of  the  breosl.  & 
only  one  instance  did  the  tuTnoi-  disappear,  while  in  every  other  cm 
there  was  a  recuiTence. 

Dr.  A.  D.  Hockwell '  reports  that  in  a  case  of  scirrhus  of  the  breaiti 
after  24  post- operative  exposures  there  wjuh  no  evidence  of  return  three 
years  later. 

I  ArchivM  of  Ihe  Rintgen  Ray,  October.  190fi. 

'  Proceeilings  oC  tlie  Pliilatiolphiii  County  Meiiical  Soi^iety,  October  31,  190*. 

>  TraiiHU;tioiis  of  the  American  Runtgen  Ray  Society,  1906,  p.  160. 

'  Ibid. 

'Ibiii, 

•Ibid. 

'  AnnalB  of  .Suryprj',  Aii^jQut.  lUOT). 

»  New  York  Meci.  ,I..unisl,  April  7,  I90G. 
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Dr.  Lassar^  stated  that  he  had  had  only  three  failures  out  of 
hundreds  of  cases  of  cancers  that  he  submitted  to  the  rays. 

He  recognizes'  the  limitations  of  treatment,  stating  that  one-fifth  of 
an  inch  is  the  extent  of  its  effective  therapeutic  penetrating  power. 

Comas  of  Liston  has  had  similar  favorable  results. 

Wohlgemuth  *  witnessed  «the  disappearance  of  a  cancer  of  the  breast 
in  a  woman  of  75  after  72  exposures  thrice  weekly. 

Unger,  of  Berlin,  and  Sjogren,  of  Stockholm,*  know  of  no  case  of 
care  of  mammary  cancer. 

Djemil  Pasha  *  treated  six  cases  of  cancer ;  three  cases  were  cured 
and  three  improved. 

W.  Johnson  and  W.  Merrill  •  treated  seven  cases  of  carcinoma^  all 
of  which  were  inoperable ;  none  showed  any  improvement  beyond  relief 
from  pain.     They  all  ended  fatally. 

Cancer  of  the  Sternum. — Ferguson '  reported  a  case  of  scirrhus  of  the 
sternum,  which  had  been  declared  inoperable.  The  Rontgen  rays  were 
applied  nineteen  times,  each  exposure  lasting  twenty  minutes.  Three 
weeks  after  the  last  treatment  the  growth  had  almost  entirely  dis- 
appeared. After  the  sixth  treatment  the  excruciating  pain  wholly 
ceased.  Following  the  healing  of  the  ulcerated  field,  there  was  noticed 
a  slight  involvement  of  the  axillary  glands. 

Ckincer  of  the  (Esophagus.  —  Pusey  *  records  the  following  case  of 
carcinoma  of  the  oesophagus,  treated  by  the  X-rays:  **Man,  age  56^ 
referred  to  me  by  Professor  W.  S.  Halsted,  of  Johns  Hopkins  University, 
May  7,  1902.  An  obstruction  in  the  oesophagus  had  been  located  nine 
inches  from  the  teeth.  At  first  a  clinical  diagnosis  of  carcinoma 
was  made.  Subsequently,  Dr.  Halsted  informs  me,  a  piece  of  tissue 
was  removed  through  the  oesophagoscope  and  the  diagnosis  of  adeno- 
carcinoma was  made  microscopically.  Vigorous  X-ray  exposures  were 
begun  over  the  upper  part  of  the  chest  May  7,  1902,  and  from  that 
time  to  the  present  he  has  had  exposures  daily  except  Sundays,  either 
over  the  chest  or  back,  the  exposures  being  changed  as  erythema  devel- 
oped. There  was  prompt  disappearance  of  the  discomfort  and  pain 
in  the  chest,  and  there  was  a  gradual  improvement  in  his  swallowing. 
Six  weeks  after  beginning  the  exposures,  he  had  gained  nine  pounds 
in  weight,  his  pain  had  disappeared,  and  he  was  having  no  difi&culty  in 
swallowing.'' 

'  Runtgen  Congress,  Berlin,  1905. 
'Journal  of  American  Medical  Abso.,  p.  79. 
'  Rontgen  Congress,  Berlin,  1905. 

*  Ibid. 

*  Revue  de  Cbirurgie,  Paris,  xxv..  No.  1. 
•American  Medicine,  August  9,  1902. 
'British  Medical  Journal,  1902,  i.  p.  265. 

^The  Rontgen  Rays  in  Therapeutics  and  Diagnosis. 
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Cancer  of  tlie  iMri/itx.  — W.  Scheppegrell  '  reports  a  case  of  caiciDOiiia 

of  the  laiynx  io  which  a  complete  cure  was  obtaiiiod  hy  the  rays  aluue. 

The  growth  involved  the  left  wall  and  left  vocal  cord.     A  bigh-teosinn 

coil  was  employed,  and  a  tulie  of  uiedinni  vacnnra  was  selecte-d  in  order 

to  gain  some  penetration.     The  face  and  chest  were  protected,  but  tlit 

neck  was  freely  exjMJscd  in  the  hope  that  any  involvement  of  snrroond- 

ing  glands  might  be  inflnenced  by  lhe  ti'catment.     At  first  the  cxposuiw 

lasted  teu  minutes  and  were  i-epeated  daily  for  twenty  days.     The  anoiU 

was  brought  to  a  dull-red  heat,  and  the  vacuum  was  maiutained  about 

the  same,  from  the  beginning  to  the  end  of  the  ti-eatment.     At  the  end  of 

three  weeks,  congestion  seemed  more  marked  and  the  tumor  niichangec] ; 

pain,  however,  had  diaappejired  after  the  second  exposure.     Ten  days 

later  it  was  found  that  the  tnmor  and  most  of  the  symptoms  had  di»- 

,  appeai-ed.     Treatment  was  caiTied  on  for  ten  days,  hy  which  time  the 

I  ulcers  were  liealed.     The  patient,  when  seen  three  months  later,  seemed 

I  good  conditiou  ;    the  aphonia   had    l>een    practically   overcome  bj 

I  compensatory  nveraction  of  the  other  coiil. 

Dr.  D.  Brysou'  believes  that  not  a  single  case  of  laryugeal  ranou 
has  been  reported  cured,  but  few  cases  have  been  thus  treated.  In  one 
case  treated  hy  Dr.  W.  J,  Morton  for  the  author,  apparently  good  remits 
were  produced  on  the  growth,  b«t  the  patient  died  of  Bnght's  disRiK 
ftftei'  twenty  applications  of  the  i-ays. 

Caiwer  of  Hie  Stomach  and  Bowels. — Dr.  P.  M.  Pilcher '  reiiorts  ao 
inopemble  caicinoma  of  the  stomach  iu  a  woman  of  5fi.  Tliix-e  Insii 
ments  of  fifteen  minutes  each  were  given  weekly  ;  they  began  August  1, 
1903,  and  at  the  time  of  the  report  the  patient  was  able  to  eat  and  was 
free  from  pain. 

Dr.  S.  M.  McCollin '  reports  a  case  of  carcinoma  of  the  stomach  in 
which  the  swelling  entirely  disappeared  and  the  patient  waa  relieved  of 
all  clinical  evidence  of  the  dise;ise. 

Dr.  Finley  R.  Cook '  reports  that  in  carcinoma  of  the  intestines, 
where  life  had  been  threatened  with  intestinal  ohstruction,  all  symptoms 
of  obstruction  have  been  relieved,  the  tumor  reduced  in  size,  and  lift 
prolonged  for  variable  periods. 

Pusey  says  that  in  carcinoma  of  the  rectum  the  only  hope  in  the 
application  of  the  rays  lies  in  the  decrease  of  pain,  the  checking  of  tbe 
discharge,  and  the  shrinkage  of  the  growth. 

Cancer  of  the  Uterus. — In  applying  the  rays  for  cancer  of  the  atenu, 
1  introduce  aspeculnm  and  protect  the  thighs  and  lower  abdomen  with  i 
sheet  of  lead,  exposing  only  the  vulva.     1  employ  a  medium  tube,  A 

'  New  York  Medical  Journal,  December  6.  1902. 

'The  Laryngoscope,  December,  11)02. 

'  Brooklyn  Medical  Journal,  April,  1904. 

'  Proceedings  of  the  Philadelphia  County  Medical  Society,  October  31, 190*. 

'  International  Journal  of  Surgery,  October,  1903. 
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a  distance  of  eight  to  t«n  inches  (20  to  23  cia.)i  thrice  weekly,  exposure 
ten  minutes'  duration.  The  Crookes  tube  with  the  speculum  attached, 
encased  in  a  shield  (Fig.  229),  is  far  superior  to  cavity  tubes  (Figs.  230, 
231),  as  the  latter  lack  the  eifectivc  quality  of  the  Crookes  tube.  X-ray 
workers,  however,  employ  these  tubes.  If  vaginal  dermatitis  is  threat- 
ened, the  rays  may  lie  passed  ou  alternate  days  through  the  lower  abdomen. 
Dr.  James  P.  Marsh,'  of  Ti-oy,  \.  Y.,  cited  a  case  of  a  woman,  aged 
65,  referred  to  him  for  hysterectomy  because  of  au  extensive  carci 


Tta.  sa.—TiT»tt  AHti  Real 

rubber  IDbelhleJd,  enuulng  Ihu  i 
the  diaphisgm ;  C,  showing  spcra 


m  Bltaphtsl.    (R.  V.  Wngiict  Co.) 


of  the  cervix.  He  applied  the  rays  alternately  over  the  suprapubic 
re^on  and  the  vagina,  using  a  very  soft  tube.  The  treatment  was  given 
for  ten  minutes.  After  twenty  or  thirty  treatments  there  was  a  marked 
improvement  in  her  condition.  AH  of  the  symptoms  had  disappeare<l ; 
she  was  feeling  well  and  gaining  in  weight. 

Thtrapeutic  Action  of  the  Xiays  in  ChHfwr.— Dr.  Johu  G.  Clark,'  at  a 
meeting  of  the  Medical   Society  of  Pennsylvania,  said:  "Dui-ing  the 

'  Joiirnul  American  Med.  Aaaociation,  Jan,  1",  1003. 
'The  Pennaylvaiiia  Mediial  Journal,  April,  19(M. 
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last  year  Dr.  Mattliew  I).  Maun,  iii  a  persoual  recital  of  his  own  expcTJ- 
lirst   direi't«l  my  attention  to  the  possibilities  of  Kontgen-ray 


Fio.  Zn.—Cavltr  tuba  applied.    (R.  V.  Wagner  Co.) 

treatmeDt  in  iDoperable  cases  and  in  those  in  which  there  is  a  recarrence 
after  operation.  In  the  literature,  which  as  yet  is  not  at  all  veil  defined 
concerning  the  active  effects  of  this  agent.,  there  appears  a  diversity 
of  opinions;  some  claiming  that  the    carative   action   arises  from  ft 
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stimulation  of  the  nutrition  of  the  part  rather  than  from  an  actual  attack 
upon  the  cancer-cells,  whereas,  others  believe  that  the  rays  act  destruc- 
tively upon  the  cells  by  diminishing  their  growth,  thus  permitting 
the  underlying  connective  tissue  to  reassert  its  functional  activity 
and  reconstruct  the  deficiencies  produced  by  the  invasion  of  the  new 
growth." 

Codman,  in  commenting  upon  an  extensive  number  of  cases  treated 
in  the  Massachusetts  General  Hospital,  claims  that  the  beneficial  effects 
of  this  form  of  treatment  arise  from  the  stimulation  of  the  nutrition  of 
the  surrounding  parts,  rather  than  from  a  direct  specific  effect  upon  the 
growth. 

In  the  microscopic  study  of  the  tissues  after  the  Rontgen-ray  treat- 
ment, a  number  of  observers  agree  in  general  as  to  the  structural  changes. 
They  have  found  a  necrosis  of  the  cancer-cells  and  trabeculse,  at  times 
fatty  degeneration,  an  increase  of  elastic  tissue,  and  a  tendency  to  the 
occlusion  of  vessels  by  a  thickening  of  their  inner  walls^  To  the  latter 
effect  is  probably  attributable  the  diminution  of  liemorrhage  frequently 
noted  in  these  cases  after  the  treatment  is  well  under  way. 

C.  Sarcoma. 

What  has  been  said  relative  to  the  results  obtained  in  epithelioma 
and  carcinoma  applies  with  equal  force  to  sarcoma.  I  cannot  believe  that 
many  X-ray  operators  have  achieved  brilliant  results  with  the  rays  in 
this  disease.  I  have  found  that  irradiations  in  sarcomatous  affections  are 
too  often  futile.  Below  are  given  some  of  the  more  interesting  reports 
upon  the  subject. 

Bicketts'  reports  a  case  of  melanotic  sarcoma  of  the  chest  wall.  The 
tumor  had  much  decreased  in  size  and  the  pain  had  almost  totally  disap- 
peared.    The  patient  died  in  the  mean  time. 

Carl  Beck'  reports  a  case  of  melanotic  sarcoma  of  the  groin  and 
the  thigh,  recurring  after  operation.  Vigorous  X-ray  treatments  checked 
the  course  of  the  disease. 

S.  W.  Alien '  reports  a  case  of  sarcomatous  growth  of  the  tonsil.  The 
operator  exposed  the  swelling  to  the  influence  of  the  rays,  with  a  result- 
ing decrease  in  the  size  of  the  tumor,  and  at  the  same  time  the  patient 
could  articulate  words  with  much  grieater  ease.  Entire  cure  had  not 
been  attained  when  this  report  was  made. 

F.  Williams*  speaks  of  a  patient  who  had  received  fourteen  treat- 
ments for  sarcoma  of  the  arm,  each  exposure  lasting  from  twelve  to 
twenty  minutes,  the  tumor  being  exposed  twice  in  one  week.     The 

'  Joamal  of  the  American  Medical  Association,  1900,  vol.  xxxiv.  p.  76. 

•New  York  Medical  Journal,  1901. 

'  Boston  Medical  and  Sai^ical  Journal,  1902,  p.  431. 

*The  Rontgen  Rays  in  Medicine  and  Surgery. 
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induration  had  disappeared  almost  entirely,  the  swelling  bad  dlmiD- 
islied  considerably,  and  ttie  venous  discoloration  over  the  tumor  bad 
given  way  to  ttie  normal  hue  of  the  skin. 

Bcholtz'  reports  the  i-esults  obtained  in  the  treatment  of  two  cases, 
of  multiple  sarcomata  of  the  skiu.  He  states  that  under  active  applies-' 
tions  small  nodules  of  the  integument  disapi>eared  entirely.  .Tamieaon'4' 
caae  of  mycosis  fuugoides  which  was  treated  with  the  X-rays  showed 
very  marked  improvement  in  every  respect. 

Dr.  Geoi^e  Erety  Shoemaker  *  reports  the  case  of  a  woman  who  had 
sarcoma  of  the  abdominal  wall,  and  probably  also  of  the  pelvic  viscera, 
which  disappeared  under  treatment.  On  opei'ation  it  was  found  that  thp 
rectum,  the  nterus,  and  the  left  tube  and  ovary  were  massed  together  bg 
an  apparent  infiltration,  but  had  a  certain  range  of  motion.  The  tumor 
in  the  lower  abdominal  wall  was  unitetl  to  this  ma^  by  a  process  of 
thickened  tissue  a  little  to  the  left  of  the  median  line.  The  wholej 
appearance  suggested  a  new  growth,  which  it  was  thought  unwise  W; 
remoi'e.  The  incision  was  closed,  and  a  cut  made  directly  into  the 
suprapubic  growth.  Ei^amination  of  the  piece  remove^l  for  that  purpose 
showed  that  the  mass  was  sarcomatous.  Treatment  by  the  Rihitgeu  rayi 
was  begun  after  the  healing  of  the  upper  wound.  This  treatment  con- 
tinued for  about  nine  months  in  all.  The  total  number  of  exposures  wai< 
forty-nine.  The  improvement  was  remarkable.  A  year  after  coming; 
under  observatiou  the  infiltration  of  the  abdominal  wall,  the  pain,  and! 
the  soreness  were  entirely  gone. 

In  a  ease  rei)orted  by  Richmond,*  the  patient  had  a  swelling  which 
crowded  the  liver  and  other  organs  forward  and  inward,  A  diagnosis  of 
sarcoma  was  made.  After  treatment  with  the  X-rays  for  niueteen 
consecutive  days  the  temperature  had  decreased  to  normal,  night-sweats 
were  lessened,  the  tumor  had  apparently  ceased  to  grow  and  seemed 
softer,  and  the  patient  was  generally  improved.  She  was  then  sent  to  the 
hospital,  where  the  treatment  was  continued,  and  at  the  end  of  nine 
weeks  the  growth  had  entirely  disappeared,  as  far  as  could  be  determined 
by  bimanual  examination. 

McMaster '  reports  five  cases  of  sarcoma  in  which  treatment  with 
the  X-rays  proved  entirely  successful. 

Dr.  L.  Webster  Fos,"  of  Philadelphia,  had  his  attention  called  to 
X-ray  treatment  in  epithelioma  of  the  lids,  A  year  and  a  half  ago  he 
had  a  case  of  sarcoma  of  the  orbit ;  the  diagnosis  was  coofirmed  by 
several  colleagues  and  by  the  microscope.     The  case  received  forty-eight 

'Archiv  f.  Derm,  u.  Syph.,  1902,  lix.  p.  43. 

'  American  Medicine,  December  26,  1903. 

'Journal  of  tlie  American  Me<lical  Association,  June  10,  1903. 

'Canada  Laiicet,  February,  1903. 

'Journal  of  the  American  Medical  Asaociation,  December  17, 1904. 
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applications  of  the  X-rays  before  the  disappearance  of  the  growth.  There 
was  no  recurrence. 

J.  G.  Chrysopathos  *  operated  on  a  woman  who  had  a  large,  rapidly 
growing  tumor  of  the  right  ovarian  region  ;  finding  it  to  be  a  sarcoma  (a 
diagnosis  which  was  confirmed  by  microscopic  examination),  he  began  to 
treat  it  with  Bontgen  rays.  She  was  treated  two  or  three  times  weekly, 
and  after  about  eight  months  was  discharged  as  cured.  Neither  abdom- 
inal nor  vaginal  examinations  offered  the  slightest  abnormality.  She  is 
now  treated  about  once  every  two  or  three  weeks,  and  has  been  well  for 
some  months. 

The  tumor  in  the  case  cited  by  Skinner'  was  situated  in  the  lower 
part  of  the  abdominal  wall,  in  the  region  of  the  cicatrix  resulting  from  a 
laparotomy,  performed  three  years  before,  for  what  was  regarded  as  a 
fibroid  uterine  tumor.  The  fibro-sarcoma  was  of  the  size  of  a  cocoanut, 
filling  up  the  entire  iliac  fossa,  extending  nearly  to  the  umbilicus  and 
two  inches  beyond  the  median  line  to  the  left.  The  tumor  was  very 
firmly  fixed  and  seemed  to  involve  the  abdominal  wall.  Erysipelas  toxins 
were  used  for  ten  months.  During  the  firat  two  months  the  growth 
decreased  more  than  half  in  size,  and  for  a  long  time  thereafter,  while 
there  was  no  decrease,  there  was  no  distinct  growth.  Later  on  the 
influence  of  the  toxins  seemed  to  have  become  lost,  and  there  was  a  slow 
but  gradual  increase  in  size.  X-ray  treatment  was  then  begun.  The 
patient  received  one  hundred  and  thirty-six  exposures  within  seven 
hundred  and  thirty-nine  days  ;  two  applications  were  given  in  the  course 
of  every  five  days  at  the  beginning  of  the  treatment,  and  later  on,  one  in 
five  days,  fifteen  days,  and  thirty-seven  days.  Twenty-eight  months 
after  beginning  the  treatment,  the  patient  had  increased  considerably 
in  weight  and  the  tumor  had  entirely  disappeared. 

B^cldre'  reports  the  case  of  a  patient  affected  with  sarcoma  of  the 
floor  of  the  orbit  who  was  cured  by  X-rays.  The  disease  had  lasted  four 
years.  Two  operations  had  been  performed,  the  last  one  including 
removal  of  the  eye.  All  other  methods  of  treatment  had  failed,  but 
improvement  set  in  as  soon  as  radiotherapy  was  employed.  Histologi- 
cally, the  tumor  was  found  to  be  a  malignant  sarcoma.  B^cldre  reports 
an  additional  case  of  orbital  sarcoma  cured  by  X-rays. 

Kienbock*  reports  a  sarcoma  cured  by  X-rays.  This  case  is  of  very 
unusual  interest.  A  growth,  having  appeared  in  the  nose  seven  years 
before,  in  spite  of  operations  oft  repeated,  had  invaded  the  adjoining 
structures  and  produced  exophthalmos  on  both  sides,  with  subsequent 
optic  atrophy.     Pain  ceased  after  the  first  treatment,  and  after  thirteen 

*  Munch,  med.  Wochens.,  1,  50. 

*  Archives  of  Electrology  and  Radiology,  October,  1904. 
»Gaz.  dee  H6p.,  June  14,  1904. 

*  Quoted  by  Dr.  G.  Oram  Ring,  "  The  Value  of  X-Raye  in  Ocular  Therapeutics," 
Journal  American  Medical  Association,  September  29,  1906. 
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applications  the  growth  (an  endothelial  sarcoma)  entirely  disappeared.  ! 
The  eyes  resumed  their  normal  appearancie  and  vision  partly  retarned.   I 
Crossmaii '  reports  a  eimilar  case  which  had  almost  entirely  disappeared  j 
under  the  X-rays.     Theobald*  hH^  had  one  case  of  marked  exophthalmos 
(unpublished)  with  the  diaguosisof  inoperable  sarcoma  of  the  orbit—a 
diagnosis  in  which  two  other  sut-geons  concurred.     Under  the   X-ray 
treatment  the  case  rapidly  improved  and  after  a  lapse  of  seven  months 
seemed  to  be  cured. 

W.  B,  Coley'  treated  167  malignant  growths,  scattered  over  many 
parts  of  the  human  body,  and  arrives  at  the  conclusion  that,  while  the 
X-rays  are  of  inestimable  value  in  ekiu  caucers,  nevertheless  the  latter 
often  recur,  and  that  undoubtedly  surgery  is  in  these  cases  far  preferable. 
He  is  opposed  to  the  use  of  the  rays  in  deep-seated  carcinomas  and 
sarcomas,  believing  their  value  very  slight  and  temporary.  Where  the 
neoplasm  had  apparently  disappeared,  metastases  (jnickly  occurred.  He 
believes  that  irradiation  is 'palliative  iu  those  cancers  that  are  for  any 
reason  inoperable.  He  asserts  that  post-operative  irradiation  rests 
purely  on  theoretical  grounds  and  needs  further  study  as  to  ita  value  or  | 
usefulness  in  these  cases. 

I  believe  that  in  many  instances,  where  brilliant  results  were  \ 
achieved  in  irradiation  of  sarcomas,  in  all  probability  there 
a  mistake  in  the  diagnosis  and  a  less  malignant  affection  was  present,  J 
or  else  the  operators  were  a  little  too  enthusiastic  when  making  their  4 
reports. 

George  0.  Johnstou  *  reports  three  oases  of  inoperable  and  recurrent 
sarcoma  successfully  treated  by  the  X-rays.  The  diagnoses  were  made 
clinically  and  pathologically.     No  auto-intoxioation  occurred. 

Djemil  Pasha,  of  Constantinople,*  reptorts  that  a  case  of  sarcoma  of 
the  breast  seemed  rather  aggravated  by  treatment. 

Dr.  W.  B.  Coley  •  treated  68  cases  of  sarcoma.  He  obtained  complete 
disappearance  of  the  tumor  in  five  of  them. 

Br.  Russell  H.  Boggs '  treated  five  cases  of  sarcoma.  In  two  of  them 
the  growth  was  reduced  in  size,  but  improvement  was  temporary.  Later, 
both  patients  died. 

G.  G.  Bordick*  treated  34  patients;  18  are  considered  cured.  The 
tnmors  disappeared  completely  and  are  giving  no  trouble  whatsoever. 

'  Quoted  by  Dr.  G.  Oram  Ring,  "  The  Value  of  X-Rays  in  Ocular  Thenpeolita," 
Journal  American  Medical  Aaeociation,  September  29, 1906. 
Mbid. 

'New  York  Medical  Journal,  April  7, 1906. 
•Journal  of  Advanced  Therapeutire,  1904,  p.  648. 
'Revue  de  Chinirgie,  Paris,  xxv..  No.  1, 
*Annal9  of  Surgery,  August,  1905. 

'Tmnsactions  of  the  American  Riintgen  Ray  Society,  1906,  p.  116. 
'Ibid.,  p.  112, 
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The  patiente  are  following  tbeir  usual  vocations.  I  ttiiuk  Dr.  Burdick 
has  overstated  these  facta. 

Dr.  Charles  R.  Dicksoii,'  of  Toronto,  exposed  within  one  year  a  case 
of  recurrent  sarcoma  48  times  to  the  rays.  The  symptoms  disappeared 
completely  and,  though  the  case  was  discharged  about  one  year  ago,  the 
sarcoma  has  not  shown  any  signs  of  returning. 

All  of  my  cases  ended  fatally,  although  I  have  seen  the  same  tem- 
porary improvements.  In  one  of  my  eases  a  sarcoma  of  the  leg  showed 
the  slow  progress  of  the  disease,  and  repeated  recurrences  even  under 
vigorous  X-ray  treatment  were  noted. 

I  treated  a  patient,  aged  30,  who  iu  the  spring  of  I'JOO  noticed  a 
small  tumor  of  the  right  leg  about  two  inches  above  the  ankle.  The 
neo)ilasm  was  removed  one  month  later  and  diagnosed  microscopically  as 
a  sarcoma.  Three  years  later  there  was  a  recurrence.  I  then  proceeded 
to  irradiate  the  part.  I  treated  him  for  six  weeks,  thrice  weekly,  each 
treatment  of  t«n  minutes'  duration.  The  patieut  completely  recovered. 
In  June,  1905,  the  vicinity  of  the  scar  became  sarcomatous  and  was 
operated  upon  by  Dr.  Babcock.  In  September,  1905,  he  returned  to  me, 
as  the  sarcoma  was  again  recurring  aroirud  the  former  seat,  and,  because 
he  complained  of  pains  in  the  chest,  I  skiagraphed  the  latter  and  found 
In  the  lung  sarcomatous  metastases.  The  patieut  beaime  very  despondent 
and  ended  his  life.     (Pigs.  232  and  233.) 

III.   Constitutional  Diseases. 

A.    TLBERCULOblS. 

The  value  of  the  X-rays  in  tuberculous  affections  is  at  present  unde- 
termined. The  varying  stages  of  the  disease,  the  inexactness  of  the 
reports  recorded,  and  the  particular  behavior  of  the  malady  in  the  differ- 
ent structures  invaded,  make  it  advisable  to  append  the  following  reports 
from  experienced  investigators. 

Bergonifi  and  Teissier '  give  some  of  the  residts  obtained  in  experi- 
menting with  the  X-rays  upon  tubercle  bacilli.  They  conclude  that 
animals  infected  with  tuberculosis  and  subjected  for  varying  periods  of 
time  to  the  action  of  the  rays  die,  for  the  most  part,  without  any  appre- 
ciable change  in  the  lesions  and  without  any  I'etanlation  in  the  course  of 
the  disease. 

Dr.  Kennon  Dunham'  said  that  he  had  found  that  the  X-rays  do 
not  affect  the  tubercle  bacillus  to  any  appreciable  extent.  He  believes 
that  the  favorable  results  obtained  by  treating  tuberculous  patients  are 
not   due   to  a  destruction   of  the  bacillus,  but   to    the   stimulation   of 

'Journal  of  Advanced  Therapeutics,  1904,  p.  654. 

'  Arch,  d'^lectricit^  M&licale,  15,  li.,  and  15,  lii. ,  1898. 

'  Profeeilinga  of  Die  American  Riiiitgen  Ray  Societj-,  1903. 
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the  tissues.  He  had  ohtained  good  results  by  simply  wrapping  the 
patient  in  ii  coil  of  copper  wire  connected  with  one  pole  of  a  higli- 
fi-eqaency  current. 

Chisholm  Williams.'  in  an  article  read  before  the  members  of  tho 
Electro-Therapentic  8ab-section  of  the  British  Medical  Association  in 
1901,  stated  that,  of  the  forty-three  cases  of  pnlnionary  tuberculosis 
treated  by  the  X-rays,  only  three  Inid  died,  the  immediate  cause  of  death 
being  pneumonia,  tuberculosis  of  kidney,  undlardaceonsdiseaiw.  During 
the  treatment  the  temperature  of  the  patient  uniformly  rose,  the  riae 
depending  npon  the  duration  and  strength  of  the  treatment.  Night- 
sweats  increased  at  tirst,  but  gi-adiially  disappeared.  The  numiwr  of 
bacilli  in  the  sputum  increased  early  in  the  treatment,  but  lat«r  uu 
formed  clumps,  became  short  and  stumpy,  took  a  stain  more  read- 
ily, and  later  in  the  treatment  began  to  decrease.  The  disease  has 
been  arrested  when  the  patient  am  lake  daily  treatments  of  half 
an  hour  or  more  without  showing  a  rise  of  temi>eratnre  during  the 
treatments. 

Dr.  KoEsell  H.  Bo^^'  cited  six  cases  of  tuberculosis  treated  by  him 
with  the  X-rays.     One  of  the  cases  has  remained  cured  for  o%'ei 
One  case  died  from  an  intercurrent  affection,  and  the  other  fonr  are 
decidedly  improved  in  every  way. 

Dr.  J.  D,  Gibson '  cited  a  case  of  tuberculosis  complicated  by  a  very 
large  ciiThotic  liver.  After  a  treatment  of  six  weeks  the  symptoms  weift' 
nmrkeiily  improved.  Tlic  treatment  was  discontinued  ;  the  putifut  went 
home  and  died.  While  the  rays  do  not  cure,  yet  they  improve  every 
case,  even  the  most  desperate  and  hopeless. 

Rudis-Jicinsky '  states  that  he  has  employed  the  X-rays  together 
with  other  forms  of  treatment  in  19  selected  cases  of  pulmonary  tubercu- 
losis.    Of  these  he  states,  in  one  year,  one  died. 

Drs.  Boido  and  Boido  *  report  fourteen  cases  of  tubercnlosis  treated 
by  means  of  the  X-rays.  The  treatment  had  been  conducted  in  Tucson, 
Arizona,  which  has  an  altitude  of  2300  feet,  and  a  climate  that  is  warm 
and  dry.  The  fourteen  cases  reported  were  all  Mexicans,  afflicted  with 
pulmonary  tut>erculosis  in  varying  stages  of  disease.  It  is  tlieir  opinion 
that  in  treating  such  cases  it  is  beneficial  to  the  patient  te  employ  a  tube 
which  produces  rays  that  induce  a  dermatitis,  claiming  that  such  rays  are 
of  real  therapeutic  value.  In  making  the  exposures  the  vacuum  tube  was 
placed  3  to  4  inches  (8  to  10  cm.)  distant  from  the  skin.  Exposures  were 
made  both  anteriorly  and  posteriorly,  allowing  five  minutes  for  each  side 
of  the  chest.     After  these  exposures  ten  of  the  fourteen  cases  had  been 

'  Archives  of  the  Riintgen  Rav,  Augttet,  1903,  p.  48. 

'Ibid.  'Ibid. 

'The  New  York  Medical  Journal,  Marcb  2, 1901,  pp.  3&1,  365. 

'•  American  Klectro-Therapeulics  and  X-Bay  Era,  February,  19Q3. 
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relieved  of  the  pulmonary  pain.  The  number  of  exposures  varied  in 
each  case.  Their  reports  show  that  three  deaths  occurred  in  three  years, 
and  the  remaining  eleven  are  still  living. 

J.  B.  Bansom'  reports  treatment  of  forty  cases  of  tuberculosis  in 
the  lungs  and  other  parts  of  the  body.  He  specifies  that  the  Eontgen 
rays,  and  also  the  ultra- violet  rays,  are  especially  indicated  for  treating 
tuberculous  lesions  located  more  or  less  superficially.  As  regards  deep- 
seated  pulmonary  lesions  the  number  of  such  cases  treated  is  entirely  too 
small  and  the  time  that  has  elapsed  is  too  brief  to  arrive  at  any  definite 
conclusions.  He  believes  that  the  Eontgen  rays  may  soon  prove  to 
be  a  valuable  therapeutic  agent  in  this  class  of  diseases.  He  also  asserts 
that  pain  is  relieved  and  sleep  is  permitted ;  the  local  circulation  is 
stimulated  and  expectoration  is  considerably  lessened. 

Hahn'  states  that  Rieder  had  applied  the  X-rays  to  the  thorax  of  a 
patient  suffering  with  a  chronic  form  of  pulmonary  tuberculosis,  and  the 
results  obtained  were  not  encouraging  in  any  way  as  was  primarily 
expected. 

G.  E.  Pfahler*  says  that  early  in  the  history  of  the  X-rays  physi- 
cians noted  relief  from  pain,  and  to  a  degree  from  other  symptoms,  in 
cases  of  tuberculosis  of  the  joints  which  had  been  examined  repeatedly 
by  means  of  the  rays.  He  says  that  J.  B.  Murphy  treated  two  cases 
of  tuberculosis  of  the  knee-joint  in  which  the  synovial  membrane  was 
involved.  Both  of  the  joints  had  been  treated  by  injections  without 
improvement.  One  patient  in  whom  the  effusion  had  persisted  nine 
months  was  discharged  as  recovered  after  21  days  in  the  hospital,  the 
effusion  having  disappeared.  Murphy  also  reports  three  cases  of  spinal 
tuberculosis  treated  with  the  X-rays.  The  first  case  was  one  in  which 
the  patient  developed  paraplegia.  Pus  and  tuberculous  debris,  which 
established  the  diagnosis,  were  removed  with  a  hypodermic  needle. 
After  the  third  application  of  the  rays  the  pain  disappeared,  and  after 
twenty-five  applications  the  paraplegia  was  cured.  A  second  case  was 
one  in  which  laminectomy  had  been  performed  a  year  before.  The 
patient  was  worse  aft'Cr  the  operation,  and  a  sinus  was  left,  but  this  healed 
completely  after  twenty  applications  of  the  rays.  The  paraplegia  in  this 
case  was  not  improved.  The  third  case  was  that  of  a  paraplegic,  whose 
pain  was  controlled  by  large  doses  of  morphia.  Two  exposures  relieved 
pain,  and  after  the  twenty-third  irradiation  he  got  about  on  crutches. 

Henry  K.  Pancoast^  mentions  the  results  obtained  in  the  treatment 
of  deep-seated  lesions  of  the  larynx,  lungs,  peritoneum,  joints,  and  spine 
with  the  X-rays.  He  found  that  tuberculous  laryngitis  maybe  aided  and 
even  cured  by  X-ray  treatment,  provided  there  can  be  brought  about  an 

>  Medical  Record,  February,  27, 1904. 
*  Fortschritte  a.  d.  Geb.  d.  Rontgenstr.,  B.  ill.,  H.  3,  p.  119. 
'  Philadelphia  Medical  Journal,  February  14,  1903. 
^Therapeutic  Gazette,  August,  1905. 
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improvement  in  the  primary  pulmonary  condition.  Too  vigorous  treat- 
ments will  caiisn  a  reaction  which  may  be  carried  to  aa  imfavorabte 
degree ;  therefore,  great  care  is  necessary  in  determining  the  proper, 
dosage  in  each  case.  Pulmonary  lesions  in  selected  oaar«  may  tie  bene- 
fited probably,  but  «vpn  greater  precautions  should  be  ol)served.  Kta  i 
does  not  consider  Finsen-light  applications  of  any  va\ue  In  treating 
laryngeal  lesions.  Only  the  most  powerful  lamps  need  bo  tried,  and  such, 
exposures  are  of  value  only  in  lessening  or  retarding  a  skin  reaction  from 
the  X-rays, 

Ausset  and  Bedart '  treated  a  c;ise  of  tuberculoiw  i)eritonitis  in  a  Rirl,  < 
nine  years  of  age,  by  tapping  and  abdominal  section,  but  with  negative 
results.  During  this  treatment  her  condition  gi'ew  steadily  worse,  and 
the  tuberculous  masses  in  the  abdomen  steadily  enlarged.  On  ISIarch  7, 
she  was  first  subjected  to  the  X-rays,  the  Crookes  tube  being  placed  aft- 
cm.  from  the  surface  of  the  abdomen  for  ten  minutes,  two  days  later  at  Ij' 
cm.  Thronghout  the  month  the  treatment  was  continued  every  two  o*' 
three  days.  During  most  of  the  following  mouth  the  ti-ealiuent  wal> 
unavoidably  discontinued.  During  the  latter  ptirt  of  May  there  waft 
absolutely  no  abdominal  effnsion.  From  this  time  on,  she  steadily  im-' 
proved,  gaining  in  weiglit  and  strength,  until  she  became  apparently  wdti 

Sonthgate  Leigh'  cites  acaseoftulteranlosis  of  the  elbow-joint.  Tl»i 
Joint  had  been  exjiosed  to  the  rays  for  a  period  of  two  houi-s,  and  as  oA«K 
as  two  or  three  times  in  a  week.  After  twelve  hours'  extHisure  tiMG 
Inflammittory  pvo('4-ss  eiilirely  disappt-ared  ;  no  recurrence  ajipeared  io 
the  eighteen  months  that  bad  since  elapsed. 

DoUinger '  reports  for  Kirmisson  a  case  of  tuberculosis  of  the  wriat- 
joint.  The  part  had  been  exposed  for  ten  minutes  daily  for  a  period  of 
two  and  a  half  monttis.  The  result  was  an  improvement,  and  by  the 
subsequent  application  of  electricity  the  part  was  absolutely  cured. 

Tousey  *  is  of  the  opinion  that  judicious  apjilication  of  the  X-rays,  or 
of  the  ultra-violet  rays  and  high-frequency  currents,  is  indicated  in  every 
case  of  tuberculosis,  especially  tuberculosis  of  the  larynx.  One  case,  in 
point,  is  reported  in  which  the  treatment  was  remarkably  successfnl.  The 
expectoration  ceased  in  three  weeks;  there  was  great  improvement  in 
the  voice,  marked  gain  in  strength,  normal  temperature,  and  a  gain  in 
body  weight  of  about  three  pounds.  The  local  condition  also  has  im- 
proved, an  area  of  infiltration  has  diminished,  and  the  abrasions  have 
healed  with  a  whitish  appearance,  which  may  be  due  to  cicatricial  tissue. 
The  treatment  consisted  first  in  exposure  to  the  X-rays  once  every 

■  L'Echo  MM.  da  Norf,  No.  46, 1898. 

'  Reported  by  Wemer  in  tlie  Forlach,  a.  d.  (ieb.  il.  Itutitgenstrahlen,  B.  iii.,  H.  3, 
pp,  122.  123. 
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four  or  five  days ;  exposure  to  the  Cooper- Hewitt  light  and  application 
of  high-freqaency  currents  once  in  each  interval  between  the  X-ray 
applications. 

Dr.  M.  C.  Rice  *  reported  the  case  of  a  woman,  whose  mother  and 
sister  had  both  had  enlarged  glands,  suppuration  having  occurred  in  the 
case  of  the  mother.  The  patient  had  a  chain  of  enlarged  glands  extend- 
ing firom  the  ear  to  the  clavicle ;  the  largest  one,  situated  below  the  ear, 
was  the  size  of  a  hen's  egg.  These  glands  had  been  somewhat  enlarged 
for  five  years,  but  had  been  growing  rapidly  for  four  months.  The  patient 
had  been  taking  iodides  for  some  time.  After  three  months  of  treatment 
with  the  high-frequency  current,  by  means  of  the  Tesla  coil  and  static 
machine,  with  only  slight  improvement,  Rontgen  rays  were  substituted, 
after  which  the  patient  improved.  After  five  months'  treatment  the 
glands  could  scarcely  be  felt. 

Dr.  E.  H.  Grubbe'  has  had  under  treatment  more  than  thirty  cases 
of  tuberculosis  of  the  cervical  lymph-glands,  most  of  them  in  childi'en, 
and  superficial.  From  the  results  he  obtained,  he  feels  that  he  can  make 
great  claims  for  the  Rontgen-ray  treatment  of  this  condition.  Of  course, 
he  prefers  to  treat  them  when  they  are  primary  cases,  because  one  cannot 
get  such  good  results  after  the  disease  has  extended  to  the  deep  glands 
nor  after  surgical  interference. 

Dr.  Russell  H.  Boggs'  asserts  that  the  results  obtained  by  the  Ront- 
gen rays  in  the  treatment  of  tuberculous  adenitis  compare  favorably  with 
those  obtained  by  any  other  method.  A  large  proportion  of  the  cases  can 
be  apparently  if  not  permanently  cured.  Several  cases  have  remained 
cured  for  over  four  years.  Improvement  is  not  attained,  as  a  rule,  until  at 
least  twelve  treatments  have  been  given.  There  are  exceptions,  however, 
one  patient  being  improved  after  four  treatments,  and  others  not  improv- 
ing until  after  twenty-five  or  more  exposures.  A  permanent  cure  should 
not  be  expected  until  after  at  least  three  months'  treatment.  He  advised 
that  in  treating  these  cases  the  apices  of  the  lungs  should  also  be  rayed. 
To  be  beneficial,  treatment  must  be  energetic. 

In  tuberculous  adenitis  that  has  advanced  to  suppuration,  my  prefer- 
ence is  to  have  the  patient  submit  to  surgical  interference  and  to  the 
subsequent  employment  of  irradiations.  Early  in  tuberculous  adenitis, 
the  rays  are  useful  in  aborting  the  affection  by  the  formation  of  fibrous 
tissue  within  and  around  the  gland. 

Dr.  James  B.  Bullitt,*  in  a  *^  comparison  of  Rontgen-rays  and  sur- 
gical treatment  of  tuberculosis,"  says:  "I  have  collected  518  cases  of 
surgical  forms  of  tuberculosis,  reported  by  fort^-eight  observers ;  most 
of  these  have  come  through  personal  communication ;  a  few  have  been 

*  TranjBactions  of  the  Rontgen  Ray  Society,  1905.  *Ibid. 
'Journal  of  the  American  Medical  Association,  September  15,  1906. 

*  Traneactionfi  of  the  American  Rontgen  Ray  Society,  September,  1904. 
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o^illei'lftl  ft-om  the  literature.  The  fitllowiug  is  the  tabulat^'d  list  tOiowii^ 
the  umnber  of  cases  of  each  kind  aud  the  number  and  percentage  of  cAset 
in  eaeh  of  the  three  divisionx  »f  the  claHsification 


Tuberculoeie  of  long  an<l  flat  boaes...,  71  20  (30;%)  ^(36%)  21  (SO^) 

TubereiilosiH  of  jointe 141  64  (MJB )  53  [37 fi )  34  (2SJC) 

TQbercnlodB  of  tendon  eheatbe 27  19  (70^}  6  (32^)  2  ( AJt} 

Tuben:nlo«i8  of  peritoneum 32  13(40^)  8(2&;e)  19  (S6j(); 

TubemilostB  of  t«sUde 21  ■    7  (33$  )  tO  [4»% )  4  (l»si. 

Tuberculosis  of  lyinphntic  gknJa gjli  '  7i»  (36$)  92(40$)  6S  (25)1); 

518  ' 

TiibercuinsiH  of  skin  (lupus)  616  .m(6S?)  US{24^)  48  18$/* 

Drs.  P.  Ridani  aiid  Barret'  report saccessful  results  in  treating ost«o- 
artbritiB  and  tuberentons  osteitis ;  also  they  noticed  improvement  in 
several  cases  of  arthritis  accompanied  by  fibrona  ankylosis.  Irradiationl,, 
lasting  seven  minutes,  ^ere  given  with  intervals  of  twelve  to  fiftevu  daj'B; 
by  using  a  thin  leaf  of  aluminium  filter  no  dermatitis  was  produced. 

I  treated  a  number  of  cases  of  large  areas  of  tuberculosis  of  the  akin., 
In  Figs.  234  and  235  are  shown  the  ravages  uf  cutaneous  tubercaloKit>  in 
a  yonth  of  21.  In  the  left-hand  photograph  is  the  view  of  the  faoe  aad  " 
ueck  when  the  piitient  first  pivsenti'd  himself  at  the  I'liihulelphi;i  Ihis- 
pital  for  treatment.  In  the  right-hand  picture  are  shown  the  results  of 
X-ray  treatment  in  the  disappearance  of  all  tlie  elevations,  white  areas 
replacing  the  former  sites  of  tuberculous  deposits. 

B.  Leuk.emia. 

The  value  of  the  X-ray  treatment  of  leuktemia  is  a  matter  of  dit- 
cussion.  Many  authorities  assert  that  cases  of  this  disease  have  bea 
I>ernianently  cured  by  the  repeated  application  of  the  rays ;  other  inves- 
tigators, equally  distinguished,  maintain  that  Eontgen  treatment  is  > 
valuable  adjunct  only  to  the  usual  remedial  agents  employed.  At  the 
conclusion  of  this  article,  some  views  ou  the  subject,  which  are  worthy 
of  i>erusal,  are  appended. 

Fried' stated,  that  in  a  case  of  inoperable  carcinoma  of  the  mammar; 
gland  and  in  a  second  case  of  intra-abdominal  sarcoma,  treatment  by  tiw 
X-rays  showed  a  great  decrease  in  the  number  of  white  oorpnscles  and 
au  increase  in  the  reds. 

Inseeo '  reports  two  cases  of  pseud o-leukiemia  treated  by  the  X-rars, 

'Arch,  d'feleetricit^  MMicale,  February,  1906. 

'  American  Me<lii'ine,  June,  1902. 

•New  York  Medical  Journal,  April  8, 1908. 
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in  which  marked  improvement  was  noted.  On  account  of  the  toxaemia 
set  up  in  each  case,  the  treatments  had  to  be  suspended  for  a  short  period. 
He  believes  that  the  rays  will  prove  to  be  a  means  of  curing  a  heretofore 
incurable  disease. 

Nicholas  Senn '  reports  the  treatment  with  X-rays  of  two  x>a'tient^ 
far  advanced  in  pseudoleuksemia.  In  the  first  patient,  after  34  applica- 
tions of  the  X-rays,  all  the  enlarged  glands  had  almost  entirely  dis- 
appeared and  the  general  condition  was  much  improved.  When  dis- 
charged, no  glands  were  palpable ;  the  blood,  however,  did  not  show  any 
characteristic  changes.  The  second  patient  showed  universal  enlargement 
of  the  lymphatic  glands.  The  blood  examination  revealed  a  well  marked 
anaemia  and  a  leucocytosis  of  208,000,  the  increase  being  inost  marked  in 
the  lymphocytes  (78.75  per  cent.).  This  patient  was  also  treated  with 
the  X-rays,  and  after  fifteen  exposures  he  developed  a  slight  toxaemia ; 
treatment  was  then  discontinued.  However,  the  general  condition  of  the 
patient  was  much  improved  ;  all  palpable  glands  were  diminished  in  size 
and  the  number  of  leucocytes  was  reduced  to  76,000.  The  treatment  was 
again  renewed,  and  progressive  improvement  continued,  the  patient  being 
discharged  practically  cured. 

Meyer  and  Eisenreich*  reported  two  cases  of  myeloid  leukaemia 
treated  with  the  Eontgen  rays.  They  differ  in  several  points  from  others 
that  have  been  published.  The  first  patient,  aged  31,  was  a  machinist 
by  occupation.  Blood  findings  altered  completely  under  the  influence 
of  the  rays,  and  a  marked  leucocytosis  followed,  with  mast-cells  predomi- 
nating. By  the  end  of  four  months  the  leucocytes  had  fallen  from 
165,000  to  6100,  but  then  rose  again  to  about  22,000,  and  later  to  35,000. 
The  blood  findings  altered  so  materially  under  the  influence  of  the  rays 
that  no  one  would  have  suspected  leukaemia  from  the  blood  picture.  The 
spleen  returned  to  normal  size  in  the  first  case,  but  remained  enlarged  in 
the  second  case,  in  which  the  leukaemia  was  of  longer  standing  and 
the  symptoms  more  serious.  Since  suspension  of  the  treatment,  the  blood 
findings  have  displayed  a  tendency  to  return  to  the  leukaemic  picture,  so 
that  the  hope  of  actually  curing  leukaemia  by  this  means  is  not  very 
promising. 

Wendel,  of  Marburg,  has  collected  from  the  literature  38  cases  of 
leukaemia  treated  with  the  X-rays  and  adds  another  to  the  list.  He 
tabulates  the  details  of  the  various  cases  and  states  that  more  than 
90  per  cent,  were  favorably  influenced.  In  two  instances  no  appre- 
ciable benefit  was  observed,  and  in  two,  the  disease  rapidly  progressed 
notwithstanding  the  treatment. 

Dr.  Steinwand,'  of  Selma,  Cal.,  reports  a  case  of  pseudo- leukaemia 

*New  York  Medical  Journal,  April  18, 1903. 

*  Miinchener  medicinische  VVochenschrift,  January  24, 1904. 

'Journal  of  the  American  Medical  Association,  March  26, 1904. 
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successfully  treated  by  the  X-rays:  "The  patieut,  a  scliool-girl,  ot^e^ 
15.  Family  fiistory :  Mother  died  from  heart  disease  two  years  agof 
&ther  well ;  three  brothers,  two  of  them  are  well,  one  has  cbrooii 
stomach  trouble;  three  sisters,  all  well.  No  tubercnious  or  syphili 
hiHtory. 

•'  About  five  or  six  years  ago  the  glauds  on  the  left  side  of  her  u< 
became  enlarged,  but  were  not  painful.  During  the  succeeding  y« 
they  increased  slowly  but  gradually,  and  there  were  occasional  sh: 
pains  in  the  spicule  region.  Two  years  later  the  glands  along  butt 
borders  of  the  stemo-mastoid  muscle  began  to  coalesce  and  rapidtj 
increase  in  size.  The  supraclavicular  glands  also  became  prominent,  and 
later  the  axillary  glands  were  involved. 

"The  patient  came  for  treatment  April  1,  1903.  She  presented  all 
the  symptoms  almve  enumerated,  with  nipidly  increasing  iiervooi 
phenomena  and  steady  loss  of  weight.  All  the  treatment  site  ha4 
received  was  ineffective  ia  checking  the  eoume  of  the  disease.  TheM 
had  not  been  any  definite  diagnosis. 

"There  were  lai^  glandular  masses  on  the  left  side  of  the  ntsclr, 
anterior  and  posterior  to  the  s te r no -clei do- mastoid  muscles,  the  largt^ 
ones  about  the  size  of  a  hen's  egg.  They  were  movable  under  the  skin, 
bound  down  more  or  le»4  to  the  deeper  structures.  The  spleen  was  snnMi 
what  enlarged  and  tender  to  pressure.  Tempenitui*  was  100"  to  101' 
The  hffimc^lobin  index  was  70  per  cent.  The  differential  leucocyte  coub 
was  negative.  Tliepulsi;  was  llfi  to  12(1.  I  faili-d  to  make  a  blood  otint 
At  no  time  did  I  detect  the  temperature  lower  than  100°  or  the  pnlse-rate 
less  than  102. 

"On  April  20,  I  advised  the  use  of  the  X-rays  aud  gave  the  first 
exposure.  The  neck  measured  131  inches  over  the  most  prominent  por- 
tion. I  made  one  exposure  each  day,  of  a  duration  of  fifleeu  to  twenty 
minut£s.  After  the  exposure  on  the  second  day  the  patient  complained 
of  feeling  much  worse.  After  the  third  exposure  splenic  tenderness  was 
greatly  increased,  so  that  gentle  pereussion  caused  considerable  pain. 

"  April  24th  her  neck  measured  12J  inches  and  had  visibly  decreased 
in  size.  Two  days  later  it  measured  12  inches.  The  temperature  was 
103°,  the  pulse  115. 

"Ou  April  30  the  neck  measured  Hi  inches.  The  supraclavicular 
glauds  were  much  shrunken  and  becoming  hard,  nodular,  aud  more  freely 
movable  under  the  skin.     Temperature  was  100°,  pulse  100. 

"May  1  I  stopped  X-ray  treatment,  as  there  was  some  evidence  of 
dermatitis.  On  May  5,  temperature  was  98,4°  ;  pulse  100,  this  being  the 
first  time  I  found  temperature  normal  in  three  months'  observation. 

"May  12.  The  dermatitis  was  fully  developed  and  the  skin  was 
sloughing  in  some  places." 

Until  the  latter  part  of  July,  treatment  could  not  be  directed  to  the 
local  seat  of  disease,  because  of  the  dermatitic  area. 
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'^  Jaly  24  the  glands  were  still  receding,  and  the  neck  measured 
11  inches.  The  contoar  fairly  matched  that  of  the  opposite  side.  She 
stated  that  she  felt  in  the  best  of  health,  and  her  appearance  fully  bore 
out  her  assertion. 

^ '  As  treatment  progressed,  the  spleen  increased  in  size.  This  phenom- 
enon was  also  noted  by  Senn,  but  I  have  not  seen  any  mention  of  the 
distinct  rise  in  temperature  after  each  treatment,  encountered  in  this 
case.  The  only  explanation  that  I  can  offer  is  that  there  must  have  been 
certain  toxic  products,  liberated  through  the  influence  of  the  X-rays, 
which  were  at  once  taken  up  by  the  circulation,  causing  also  the  acute 
exacerbations  of  ill  feeling  following  each  exposure.  This  condition  of 
elevated  temperature  and  ill  feeling  lasted  from  ten  to  fourteen  hours, 
and  was  so  severe  at  times  I  thought  of  abandoning  treatment  had  it 
not  been  for  the  steady  reduction  of  the  size  of  the  glands." 

In  my  own  cases,  however,  I  have  never  encountered  this  so-called 
auto- intoxication  resulting  from  irradiations.  It  would  seem  that  the 
subject  needs  much  further  investigation. 

At  a  meeting  of  the  Chicago  Medical  Society  held  January  25, 1905,' 
Drs.  Joseph  A.  Capps  and  Joseph  F.  Smith  reviewed  the  advancements 
made  in  the  treatment  of  lymphatic  leukaemia  with  the  X-rays. 

The  first  case  was  treated  by  Dr.  Pusey  for  one  month,  but  without 
improvement.  In  1903  Dr.  NichoUis  Senn  reported  a  case  of  leukaemia 
symptomatically  cured.  The  patient  presented  the  typical  symptoms  of 
spleno-myelogenous  leukaemia  and  had  been  ill  for  fourteen  months. 
Treatment  was  begun  daily,  and  was  given  every  other  day  through  the 
latter  part  of  January  and  during  February,  March,  April,  and  May  ;  at 
the  time  of  Senn's  last  observation  the  white  count  came  down  to  10,000 
and  the  spleen  was  almost  of  normal  size.  The  patient  felt  perfectly 
well,  but  died  later  with  symptoms  of  toxaemia.  Cases  of  lymphatic  leu- 
kaemia treated  by  Senn,  Churchill,  and  Pusey  died  within  seventeen 
months. 

The  authors  reported  three  cases  of  lymphatic  leukaemia  treated  by 
the  X-rays,  two  of  which  were  of  the  acute  form.  One  patient  died  in 
six  days,  and  the  other  in  ten  days.  Of  the  subacute  cases  there  were 
two.  While  the  X-ray  exerted  a  beneficial  effect,  it  did  not  control  the 
disease.  Better  results  were  obtained  in  treating  chronic  cases,  of  which 
the  authors  reported  three.  They  stated  that  patients  with  spleno- 
myelogenous  leukaemia  should  receive  X-ray  treatment,  because  they  are 
greatly  benefited  thereby.  They  respond  more  slowly  than  do  patients 
with  chronic  lymphatic  leukaemia.  These  patients  feel  that  they  are 
cured,  but  in  the  light  of  cases  reported  as  symptomatically  cured,  some 
of  which  have  since  died,  physiciaas  must  not  be  too  sanguine  in  regard 
to  pronouncing  cures. 

'Journal  of  the  American  Medical  Association,  February  10,  1905. 
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Aroeth '  mode  a  carefal  studj'  of  the  blo'Kl  findings  afl«r  exposi 
to  the  Kontgen  rays,  aud  anulyze^  all  the  testiiuuiiy  thus  far  offered.    Hif  <j 
fioa,!  verdict  is  that  the  Routgen  rays  have  au  undoubtedly  favorabld-1 
action  in  leukiemia,  but  that  it  is  indirect.     They  do  not  cure  the  lesiuuB,  i 
but  they  destroy  the  parasites  which  are  causing  the  lesions.     The  action  -i 
of  the  Kuntgen  rays  in  leukfciuia  is  like  that  of  quinine  in  malaria.  BoUl  J 
cure  the  patient  by  killing  off  the  micro-organismg  causing  the  trouble. 
This  assumption  entails  the  necessity  for  more  thorough  and  more  gen- 
eral exposure  to  the  rays.     They  ahouUl  he  asexteusive  and  as  protracted'i 
as  possible,  to  seek  out  and  destroy  the  causal  germ  iu  its  i-emotMl 
lurking-places,  not  restricting  the  exposures,  as  in  the  past,  to  tht;  bloods 
forming  organs  alone.     This  conception  supplie-'i,  for  the  6nA  ti. 
etiological  treatment  for  leakffiuiia  and  one  that  is  proving  more  sutKwssftiK 
than  any  in  tiie  past. 

The  clinical  and  histologic  findings  iu  leukiemia  after  liontgett 
treatment  were  observed  by  Lo3.sen  and  MorawJlz.'  The  patient  was  tf 
man  of  33,  previously  healthy,  vith  myeloid  leukiGmiH  fur  two  or  tbr«a 
years  before  it  terminated  fatally.  Forty  Rontgen  exposures  were  mwle^ 
but  did  not  seem  to  ari'est  the  progress  of  the  disease  after  th«  fitst 
transient  improvement.  The  composition  of  the  blood  and  the  blood' 
findings  changed  under  the  exposures,  finally  presenting  the  pictun 
accompanying  aplasia  of  the  blood-forming  organs,  and  the  anatomical 
findings  were  those  of  hypopla.sia.  It  was  mo.'it  pt-onouin'i'd  in  Ilie  li.iDe- 
marrow,  but  was  also  unmistakable  in  the  spleen  and  lymph-glauds.  It 
was  accompanied  by  pronounced  proliferation  of  the  interstitial  tissue. 
Losseu  and  Morawitz  are  inclined  to  regard  the  hypoplasia  as  favored  and 
possibly  originated  by  the  three  weeks  of  rather  intense  Rontgen  treat- 
ment given  in  this  case.  Of  7  leuktemic  patients  treated  by  BOntgen  expo»- 
ures,  3  were  materially  improved,  and  the  others  are  still  under  treatment, 
with  the  exception  of  the  fatal  case  mentioned  alwve.  In  one  case  of 
myeloid  leukaemia  the  leucocyte  formula  became  normal,  and  theelimina- 
tioD  of  uric  acid  also  returned  to  normal  proportions.  This  suggests  ao 
increased  new  formation  of  leucocytes  as  probable.  In  the  first  case 
with  extreme  leucopenia  the  amount  of  uric  acid  eliminated  remained 
abnormally  high  throughout. 

While  Drs.  David  L.  Edsall  and  .J.  K.  Paneoast,  of  Philadelphii, 
believe  that  X-ray  treatment  of  leukiemia  is  unsatisfiictory  because  of 
secondary  results,  Mnsser'  is  of  the  opinion  that  the  reason  for  this  is 
that  the  treatment  was  undertaken  iu  old  cases  in  which  secoudary 
changes  had  occurred  before  the  use  of  the  X-rays,  which  only  served  to 
stimulate  the  prepress  of  such  changes.     In  one  case  of  his  own,  treated 

■Miinch.  nied.  Woch.,  .August  22.  \M5. 

'  Deutai'hca  Archiv  f.  klinisuhe  Meilizin,  Leipeic. 

'Sew  York  Medical  Journal,  April  7, 1906. 


THERAPEUTIC  VALUE  IN  DISEASE.  487 

by  the  X-rays,  there  had  been  an  entire  disappearance  of  the  leakffimia 
and  the  patient  had  been  restored  to  a  normal  condition  generally.  The 
leucocytes  had  been  reduced  from  6000  to  4000,  and  he  believed 
that  a  cure  had  been  effected.  At  the  same  time,  he  thought  it  would  be 
necessary  to  resort  to  the  X-rays  from  time  to  time  in  order  to  pre- 
vent a  recurrence  such  as  had  taken  place  in  another  case  which  he  had 
treated. 

IV.  Miscellaneous  Affections. 
A.  Trachoma. 

My  technic  in  treating  cases  of  trachoma  consists  in  covering  the 
Crookes  tube  with  a  dark  cloth,  excluding  all  light  from  the  room, 
because  of  the  excessive  photophobia.  With  adhesive  plaster  I  attach 
the  everted  eyelids  to  the  skin,  and  expose  the  surface  of  the  eye ;  thus 
preventing  burning  the  fingers  of  nurse  or  assistant.  I  cover  the  face 
with  a  leaden  sheet,  and  treat  one  eye  at  a  time,  through  an  aperture  in 
the  lead.  Bapidity  of  action  is  obtained  by  getting  the  patient  to 
keep  the  eye  open  while  under  treatment.  There  is  less  danger  of 
burn  to  the  cornea  than  there  is  to  the  skin  of  the  eyelid,  but,  should 
a  slight  corneal  haziness  result,  it  quickly  disappears,  and  the  corneal 
scar  will  be  absorbed.  I  had  two  acute  and  two  chronic  cases  of 
trachoma  at  the  Philadelphia  Hospital.  The  acute  cases  had  severe 
photophobia  and  lacrymation,  which  disappeared  after  four  or  five 
exposures. 

Sydney  Stephenson  and  David  Walsh  *  report  the  results  of  treat- 
ment of  trachoma  or  granular  lids  by  the  X-rays  and  by  brush  discharges 
obtained  from  a  D'Arsonval  high-frequency  apparatus.  The  writers 
treated  a  single  eye  in  four  cases  of  severe  bilateral  trachoma  in  children. 
Two  eyes  were  cured,  that  is,  the  granulations  and  conjunctival  hyper- 
trophy disappeared,  and  have  not  returned  after  a  period  of  several 
months.  The  remaining  two  eyes  were  greatly  benefited  and  are  recov- 
ering. The  cures  were  effected  by  17  exposures  in  one  case  and  but  6  in 
the  other.  The  average  time  was  ten  minutes.  The  good  effects  were 
found  to  be  equally  marked  with  closed  as  with  everted  eyelids.  Twenty- 
two  applications  of  a  mild  high-frequency  brush,  using  a  vulcanite  elec- 
trode connected  with  a  D' Arson val  apparatus,  cured  a  severe  case  of 
trachoma  in  another  patient. 

Eadiotherapy  in  ti*achoma  presents  advantages  over  the  ordinary 
treatment  by  escharotics.  It  is  more  rapid  and  is  painless.  The  fact 
that  equally  good  results  were  obtained  with  an  active  focus  tube,  and  also 
by  a  high-frequency  brush  discharge,  suggests  that  the  curative  agency 
may  be  identical  in  both  instances. 

*  Lancet,  January  24  1903. 
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At  a  meeting  of  the  Philadelpbia  County  MedicJil  Society,  Noveni- 
ber  2!t,  1904,'  Drs.  W.  S.  Newcomot  and  J.  P.  KriU  presi-ntod  a  girl  of 
18,  who  had  been  f  ubjecteil  to  all  the  operations  for  tbe  cnre  of  traoJionia, 
without  success.     Slie  was  treated  wilh  the  X-rays  from  July,  1903.  until 
~  Januai-y  1,  1904.     The  inflammatory  reaction  was  so  intense  that  it  waa  4 
thought  better  to  abandon  the  treatment.     Later,  however,  it  waa  found  i 
that  she  could  count  fingers  aX  close  rauge.     The  cornea  was  entirely  I 
clear,  and  only  with  i^pecial  illumination  could  there  be  seen  fine  blood-  J 
vesaela.     The  eye  not  treated  with  the  X-rays  showed  all  the  symptomitt 
that  the  treated  eye  formerly  exhibite<l.    The  condition  of  the  patient 
had  been  present  since  infancy,  and  she  had  been  unable  to  see  ai^ross  the 
room.     Treatment  was  given  every  other  day  for  five  minutes  for  altont 
six  weeks,  when  a  bum  developed  and  ti-eatraeut  waa  withheld.     Dr^ 
Newcomet  tielieved  the  result  to  be  due  to  the  accidental  bum  proda 
in  the  c()urse  of  treatment. 

Ruggero  Pardo '  describes  two  cases  of  trachoma  of  long  staudi 
rebellious  to  treatment.  Six  exposures,  with  a  total  of  44  minutes  in  4 
case  and  of  47  in  the  other,  caused  so  marked  au  improvem* 
permanent  cnre  is  anticipated.  The  tube  had  a  spark  length  of  2.6  t4i  % 
inches  (li.5  to  7  cm.),  the  distance  varied  from  V2  to  1.5  inches  (3()« 
45  cm.),  the  applications  were  from  4  to  10  minutes  at  a  time,  and  t 
one  eye  was  treated  ;  the  eyeball  was  protecte<i  by  a  sheet  of  lead  at  a 
of  the  stances. 

Geyser*  maintains  that  a  few  exposures,  .six  to  eight,  will  suffloal 
bring  about  a  perfect  cure.  An  important  cousideratiou  is  t 
absorption  and  stimulate  normal  nutritiouiil  processes ;  nothing  s 
answer  the  purpose  any  better  than  the  direct  contact  of  the  tissnes  wld 
a  high-frequency  vacuum  tube,  generated  by  a  static  machine  or  X-r 
coil.     Complete  details  of  technic  are  given  in  the  article. 

H.  N.  Bishop '  gives  the  i-esults  of  electrical  treatment  of  tracboni 
at  the  Middlesex  Hospital.  Cases  had  been  treated  with  well-etjuipped  ^ 
apparatus,  with  rays,  high-frequeury  currents,  aiul  riidiuni.  ^Vith  regard 
to  the  X-rays  he  explains  that  there  were  two  sets  of  rays  emanating 
from  the  tube,  (1)  the  X-rays  proper,  (2)  the  overflow  rays  that  cause 
the  severe  burning  of  the  skin  which  sometimes  occurred.  The  former 
of  these  rays  were  used.  Four  cases  of  trachoma  were  treated  in  this 
manner.  Two  were  young  women.  In  one,  fifty  applications  were  made 
in  five  months.  The  right  eye  showed  changes  that  might  reasonably 
have  been  produced  in  this  time  without  treatment,  while  the  left,  which 
was  at  first   unaflected,  steadily  got  bad.      The  disease  snbeequently 


'Journal  vt  the  American  Medical  Ageociation,  January  14,  1905. 
■Gazzetta  degli  Oapetlali,  Milan,  last  in<lexe<I  xiii.,  p.  1193,  April  10, 1904. 
'Journal  of  Advanctd  Therapeuliw,  May,  IIKM. 
'BritiBli  Medical  Journal,  August  26,  1905. 
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cleared  up  in  the  usual  manner  with  bluestone.  Kone  of  the  three  other 
cases  did  any  better.  The  seven  cases  treated  with  high-frequency 
currents  did  not  improve  at  all. 

Yassiutinsky  ^  asserts  that  the  rays  diminished  the  infiltration  in 
trachoma,  caused  the  disappearance  of  the  granulations  and  of  the 
I>annuSy  and  produced  a  pronounced  improvement  in  the  subjective  signs 
of  the  malady.  As  a  rule,  however,  trachomatous  granulations  dis- 
appeared but  slowly  under  the  influence  of  the  Eontgen  therapy.  The 
rays  proved  to  be  harmless  in  treating  the  eyes,  and  no  evil  effects  were 
noted  in  any  case,  nor  was  pain  experienced  by  the  patients.  The  author 
thinks  that  the  rays  are  of  service  in  cases  in  which  ordinary  methods  of 
treatment  fail. 

I  treated  a  case  of  chronic  conjunctivitis  of  both  eyes  referred  to  me 
by  Dr.  T.  B.  Schneideman.  The  patient  had  been  a  sufferer  for  fifteen 
years.  I  exposed  the  eyes,  once  weekly,  to  the  action  of  the  rays.  The 
treatment  was  not  continuous,  as  I  feared  a  constant  and  frequent  appli- 
cation of  the  rays.  I  began  treatment  with  a  one-minute  exposure  twice 
weekly,  tube  fifteen  inches  from  the  part.  Within  two  years  sixty  appli- 
cations were  made.  The  first  fifteen  treatments  were  of  one  minute 
duration.  I  then  increased  treatments  gradually  up  to  five  minutes.  The 
conjunctivitis  is  practically  cured,  and  the  blood-vessels  of  the  part  have 
become  small  and  shrunken. 

B.  EIeloid. 

Dr.  William  H.  Harsha*  reports  the  case  of  a  young  man,  eighteen 
years  of  age,  who  had  a  small  growth  behind  the  right  ear  for  ten  years 
that  microscopically  proved  to  be  a  keloid.  It  was  excised,  but  in  three 
or  four  months  the  tumor  was  as  large  as  ever.  X-ray  treatments 
were  then  b^un  and  were  given  at  intervals  of  two  or  three  days, 
but  were  not  kept  up  regularly.  He  had  not  frequent  treatments  by 
the  X-rays  in  the  last  six  months.  The  growth  now  showed  not  more 
than  one-sixth  of  its  size  when  the  treatment  was  begun  and  it  was  still 
getting  smaller. 

Dr.  A.  J.  Ochsner  asserts  that  the  treatment  of  keloid  by  means  of 
the  X-rays  is  worthy  of  attention.  In  several  cases  the  improvement  was 
very  marked  after  operation  by  the  subsequent  X-ray  treatment.  He 
believes  that  before  removing  any  keloid  one  should  treat  it  thoroughly 
with  the  X-rays. 

Dr.  H.  R.  Varney'  reports  a  case  of  keloid  of  the  foot,  caused  by  pas- 
sage of  a  rifle-ball.  Eight  treatments  were  given ;  complete  disappear- 
ance of  the  keloid  with  development  of  normally  appearing  scar  tissue 

^  Ronssky  Vratch,  January  8, 1905. 

*  Chicago  Surgical  Society,  December  7, 1903. 

'  The  International  Journal  of  Surgery,  October,  1903. 
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resulted.    The  patient  had  also  a  keloid  the  diameter  of  a  silver  doIUr  at 
the8it«  of  vaccination. 

Dr.  G,  P.  Edwards'  report.s  tbi-ee  vaees  of  keloid  eureil  with  ilie 
X-i-ayB. 

Morria  and  Doi-e '  report  that  they  have  treated  a.  few  ('4ir4e.s  of  keloid 
with  the  X-rays,  in  Home  of  which  there  had  been  a  decided  increase  in 
the  growth.     Pain  was  iu  all  cases  complett-ly  relieved. 

Dr.  Henry  K.  Pancoaat'  reiwrted  two  cases  of  keloid  treated  by  the 
rays.  In  one  case  there  were  mnltiple  keloids  following  a  barn.  The 
other  patient  had  a  large  keloid  iavolviug  the  ear,  neck,  and  angle  of  the 
jaw.  Both  ]iatients  were  colored.  In  the  first  case  sis  treatments  were 
given,  and  in  the  second  forty-three  treatments.  The  i-efiults  wore  nega- 
tive, pi-obably  because  the  treatments  were  not  pushed. 

Drs.  Fordycc,*  Fox,^  and  H.  B.  Baiuey '  report  Jhvorable  resullti. 

Dr.  O.  S.  Bamum '  nses  an  abundance  of  rays  emanating  from  a  tube 
of  high  resistance  and  excited  by  a  large  coil.  He  believes  that  it  is 
better  to  have  the  tube  too  high  than  too  low.  The  tnl>e's  distance  should 
be  fifteen  to  twenty  inches,  deiwuding  on  the  thickness  of  the  tumor. 
The  thicker  the  tumor,  the  higher  the  tube,  the  greater  the  distance  and 
the  longer  the  exposure.  He  usually  exposes  the  growth  for  from  flfleen 
to  twenty-five  minutes  on  alternate  dajs  for  ten  days,  and  then  Htops 
treatment  for  ten  days,  reiieating  the  procedure  until  the  tumor  htu  dis- 
appeared. He  has  had  excellent  result-s  in  the  treatment  of  keloids  by"^ 
this  method. 

Drs.  Boggs,  Pancoast,  and  others  favor  preliminary  excision  of 
the  tumor,  whenever  this  is  possible,  following  this  with  Biintgeu  treat- 
ment.    The  tumors  disappear  more  rapidly  and  are  not  so  liable  to  recur. 

C.  Exophthalmic  Goitre. 

Dr.  Charles  H.  Mayo,"  in  a  paper  entitled  "Thyroidectomy  for 
Exophthalmic  Goitre,"  says:  "It  has  been  our  fortune,  or  misfortune 
from  its  difficulties,  to  operate  on  several  cases  of  cervical  adenitis  -which 
had  been  exposed  for  many  times  to  the  X-rays.  It  was  noted  that  the 
lymph  system  was  greatly  sclerosed.  As  this  was  iu  line  with  the 
reported  action  of  the  X-rays  upon  glandular  activity,  we  applied  this 
treatment  to  ten  cases  of  very  marked  exophthalmic  goitre  during  the 

'  The  International  Journal  ot  Su:^ry,  October,  liKW. 

'  British  Medical  Journal,  June  16,  19at. 

>  ProceeJing§  of  the  Phila.lelphia  Connly  Medical  Society,  November  30,  1903. 

•Journal  ot  Cutaneous  Diseases,  April,  15KM,  p.  IK". 

'  Ibia.,  July,  1903,  p.  323. 

*  Journal  of  the  American  Med.  Association,  June  ft,  1903. 

^  Transactions  of  the  American  R<">n1^n  Kay  Soeiety,  1906. 

'Medical  Record,  Noveniljer5, 1904. 
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X)ast  year,  to  first  reduce  glandular  activity,  and  second,  reduce  absorp- 
tion by  its  possible  effect  upon  the  lymphatics.  While  I  would  not 
as  yet  say  that  any  of  these  cases  are  cured,  they  have  certainly  been 
markedly  benefited ;  first,  in  the  general  nervousness ;  second,  in  tremor 
of  the  muscles ;  third,  in  tachycardia ;  and  last,  in  the  exophthalmos. 
The  benefit  is  sufficient  to  give  this  method  a  place  in  the  treatment  of 
Graves'  disease,  or  at  least  make  it  a  preparatory  treatment  to  a  prospec- 
tive surgical  method  at  a  later  period.     ... 

''Our  rules,  concerning  the  cases  of  Graves'  disease  which  come  to  us 
for  oi>eration,  are  to  operate,  if  their  condition  is  fair,  but  if  the  pulse  is 
from  130  to  160,  or  if  it  suddenly  fiuctuates  in  tension  and  rapidity,  if 
there  is  ansemia,  with  swelling  of  the  feet,  the  patienta  are  placed  upon 
the  belladonna  treatment  for  some  days.  The  more  severe  types  are  also 
given  X-ray  exposures  in  addition,  which  are  continued  from  two  to  six 
weeks." 

Gorl  *  has  tried  radiotherapy  in  goitre  with  what  he  considers  very 
encouraging  results.  Seven  cases  were  trejited,  and  in  all  there  was 
marked  diminution  in  the  size  of  the  growth,  as  well  as  improvement  in 
the  other  symptoms.  The  author  believes  that  it  is  primarily  the  paren- 
chyma cells  that  are  affected  by  the  rays,  and  not  the  blood-vessels,  as  the 
diminution  in  size  of  the  gland  begins  so  promptly  and  takes  place  so 
uniformly.  Medium  soft  or  soft  tubes  were  employed,  and  at  a  compara- 
tively short  distance  from  the  skin.  Care  is  necessary  to  prevent  burns ; 
in  one  case  the  author  found  the  patient's  skin  was  unusually  sensitive  to 
the  rays,  and  he  suggests  that  this  condition  may  be  one  of  the  symptoms 
of  the  disease. 

G.  E.  Pfahler*  speaks  of  31  cases  that  he  collected,  with  an  im- 
provement in  28  of  them.  Stegman '  speaks  most  favorably  of  X-ray 
treatment  in  35  of  his  goitrous  x>atients. 

.  Widerman*  has  noted  improvement  in  some  of  the  symptoms  in  his 
five  cases. 

Dock*  treated  32  patients  with  exophthalmic  goitre,  and  ]>e  believes 
that  X-ray  treatment  is  only  an  adjunct  to  other  thei-apeutic  measures. 

Pfeiffer*  describes  his  experiences  with  Rontgen  treatment  of  goitre 
at  von  Bruns'  clinic  at  Tubingen.  The  particulars  of  51  cases  are  given 
and  the  histological  findings  in  8,  with  the  results  of  experimental  re- 
search. The  general  conclusion  is  to  the  effect,  that  Rimtgen  treatment 
of  goitre  is  ineffectual  as  a  rule  and  should  not  supplant  the  better-tried 
methods. 

'  Miinch.  med.  Wochenschr. ,  vol.  Hi.,  No.  20. 

*  Therapeutic  Gazette,  March  15,  1906. 

"  La  Tribune  Medicale,  January  27,  1906. 

*  Ibid. 

*  American  Medicine,  February  24, 1906. 

•Beitriige  R.  klin.  Chirurg.  von  Bruna,  Tubingen,  p.  1149. 
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Dr.  Charles  Lester  Leonard'  noticed  marke^l  improvemttnt  in  four 
cases  of  goitre.  One  of  the  patients  has  had  tio  reenrrence  lor  a  perioil 
of  three  years. 

Dr.  T.  V.  Craudall  had  a  patient,  aged  22.  suffering  with  a  uiiilal- 
eral  goitre.  I  irradiated  the  tumor  twenty  times  within  sixty  days,  and 
the  goitre  became  marke<lly  decrea-sed  in  size.  The  previous  nervoos  dis- 
turbant^es  at  once  abated.  I  believe  Ibe  action  of  tlie  rays  in  tbeso  caseN 
is  quite  analogous  to  its  action  in  tuberculous  iulenitis  and  other 
glandular  affect  ions. 

D.    livPEKTKdl'HIED    pROSTATE. 

Carabelli  and  Luraschi '  report  two  cases  of  hyjtertrophied  proHtate 
treated  by  X-rays  after  one  year's  observation.  They  were  the  first  oasfst 
properly  treated  by  this  method.  The  patients  were  respectively  sixty 
and  sixty-five  years  of  age.  They  were  placed  on  a  sloping  table,  the  sur- 
rounding parts  carefully  protected,  and  the  Riintgen  rays  applied  to  the 
perineum,  with  the  tube  from  20  to  25  cm.  from  the  skin.  Carabelli  did 
uot  think  it  necessary  to  introduce  a  tnbe  into  the  rectum,  a.s  the  atni- 
phying  action  of  the  Riintgen  raj's  on  deep-lying  glands,  like  the  ovary, 
gpleen,  and  lymphittics,  had  been  amply  established.  It  is  evident^  also, 
that  the  action  of  the  rays  on  the  prostate  is  more  pronounced  when  the 
hypertrophy  is  in  the  first  stage.  The  relief  of  the  pain  was  marked 
from  the  very  first.  The  rays  were  applied  fifteen  times,  at  first  two  or 
three  times  per  week  and  then  once  a  fortnight.  The  sensory  symptoms 
vanished  and  urination  became  very  much  easier. 

In  the  second  case  the  prostate  was  much  enlarged  and  hard,  and 
there  were  about  200  gm.  of  residual  urine  and  evidences  of  chronic 
catarrh  of  the  bladder.  After  six  applications  of  the  X-rays,  the  nrine 
became  clearer,  the  pain  subsided,  urination  was  much  easier,  and  the 
residual  urine  was  only  40  gm.  After  the  tenth  application,  there  were 
only  10  c,c.  of  residual  urine,  and  the  patient  was  dismissed  as  practi- 
cally cured.  The  treatments  were  from  three  to  seven  minutes  in  the 
first  case  and  ten  minutes  in  the  second  ;  the  current  li  amperes  and  IW 
volts.     Atter  one  year  the  results  are  permanent. 

In  view  of  the  fact  that  hypertrophied  prostate  in  most  instances  is 
due  to  a  glandular  proliferation,  and  therefore  contains  epithelial  ele- 
ments very  susceptible  to  the  Rontgen  rays,  Dr.  Moskowicz,  of  the 
Bndolph  Hospital,'  has  treated  a  number  of  cases  of  this  kind  by  radia- 
tion through  the  rectum.  After  a  few  treatmente  the  patients  were  able 
to  urinate  spontaneously,  and  the  improvement  has  persisted.     Lai^ 

'New  York  Mwlloil .Journal ,  April  21,  1906. 
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indurated  prostates  became  smaller  and  softer.  It  is  the  intention  of 
Dr.  Moskowicz  to  try  radium  in  other  cases,  as  being  more  suitable  and 
probably  more  efficient. 

E.  Analgesic  Actiox  of  the  Rays. 

yeuralgia, — It  would  seem  almost  a  certainty  that  the  X-rays  i)OS- 
sess  an  analgesic  action.  In  carcinoma  the  pain  is  frequently  alleviated 
after  the  first  few  exposures.  The  analgesic  action  is  less  potent  in  deep- 
seated  cancers  than  in  superficial  ones.  Freund,  in  1899,  reported  that 
Grunmach  had  most  excellent  results  from  the  use  of  the  rays  in  neural- 
gia and  articular  rheumatism.  Grocht  found  marked  temporary  relief  in 
a  case  of  obstinate  trigeminal  neuralgia.  Dr.  William  M.  Sweet,  ^  of  Phil- 
adelphia, believes  that  X-rays  exert  a  peculiar  action  on  the  nerve  tissue, 
as  the  skin  after  intense  irradiation  becomes  quite  ansesthetic.  In  con- 
nection with  this  interesting  subject  are  appended  the  views  of  Dr. 
Charles  Lester  Leonard,  of  Philadelphia,*  who  reports  eight  cases,  six 
of  neuralgia,  one  of  neuritis,  and  one  of  scar  tissue  of  the  brain  follow- 
ing the  removal  of  a  cyst  from  the  motor  area  five  years  previously,  in 
which  the  Rontgen  rays  formed  the  principal  treatment. 

All  of  the  six  cases  of  neuralgia  were  due  to  impaired  metabolism 
of  the  nerve  tissue.  The  first  was  infra-  and  supraorbital  neuralgia  fol- 
lowing an  attack  of  influenza ;  the  pain  was  relieved  by  the  finst  treat- 
ment of  three  minutes  and  cured  permanently  by  four  more  such  treat- 
ments. The  second  was  a  severe  neuralgia  of  both  inferior  and  superior 
dental  nerves,  which  had  lasted  seven  months  and  was  accompanied  by 
loosening  of  the  teeth;  three  five-minute  applications  upon  each  side 
of  the  face  every  other  day  relieved  the  x)ain  entirely ;  the  teeth 
resumed  their  proper  place,  and  at  the  end  of  eight  treatments  the  patient 
was  entirely  well.     He  has  remained  so  for  the  past  two  years. 

The  third  was  a  case  of  migi^aine  which  had  existed  for  ten  years, 
resisting  various  kinds  of  treatment.  The  first  application  lessened  the 
intensity  of  pain,  and  at  the  end  of  the  coui-se  of  treatment  (number  of 
applications  not  stated)  she  was  entirely  cured. 

The  fourth  case  was  trigeminal  neuralgia  and  was  much  relieved, 
but  the  patient  discontinued  treatment  after  four  weeks  and  has  not  since 
l)een  heard  from. 

The  fifth  was  a  case  of  brachial  neuralgia  ;  this  patient  also  discon- 
tinued treatment  prematurely. 

The  sixth  was  a  case  of  severe  tic  douloureux  with  crises  almost 
every  five  minutes.  The  first  application  relieved  the  pain,  but  the 
patient  left  town  after  four  treatments,  promising  to  report  if  he  had 
any  further  attacks ;  he  has  not  since  reported. 

*  American  Me<licine,  Dec.  13.  1002. 
Mbid.,  July  8, 19a5. 
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The  case  of  neuritis  oecurred  iu  tlie  racial  nerve,  and  evideuce  of  de- 
generation was  shown  by  ai'eas  of  local  aiiEesthesla  over  its  enlire  diatribn- 
tiou.  the  point  of  most  intense  paiu  being  over  tbe  niiistoid  region  and  tbe 
posterior  surfaee  of  tbe  ear  iu  tbe  distribution  of  tbe  posterior  auricalar 
nerve.  Tbis  patient  wjis  greatly  relieved,  but  not  entirely  cared,  possibly 
because  tbe  ti'eatments  were  not  ai)plied  with  BuHicient  regularity. 

Tbe  patient  in  whom  it  was  att'^mjited  to  produce  absorption  of  scar 

tistnie  had  complete  paresis  of  tbe  rigbt  ai'u,  with  glossy  skin  oti  tbe 

fingers  and  al>sen('e  of  wrinkles  ;  tbe  arm  could  nut  be  raised  voluntarily. 

Kigbt  leg  was  ako  somewhat  lame.     Slight  epileptiform  attacks  whicli 

I  had  occurred  recently  were  attributed  to  a  recent  blow  upon  tbe  occiput. 

I  As  a  result  of  tbe  X-ray  applicatious  tbe  epileptiform  attacks  becatue 

I  lees  severe  and  less  frequent,  and  the  patient  gradually  gained  control  of 

I  tJie  arm  and  band,  so  tbat  be  could  raise  tbe  baud  to  his  head  ami  month 

9  and  could  gra^p  objects  of  moderate  Kize.  TLeie  was  also  decided  improve- 

I  mcnt  in  his  gait  ami  speech.     He  received  12  applications  in  (i  weeks,  the 

Frays  being  apjilieti  through  tbe  trepbine-openiug  in  tbe  skull.     As  th« 

■  bromides  were  continued  iu  increasing  doses  with  tbe  Rontgeu  applica- 

I  tions,  it  is  considered  possible  tbat  tbe  results  cannot   be   attributed 

I  exclusively  to  the  rays. 

I  Leonard  appears  to  believe  tbat  successful  treatment  of  such  ca.-<es  is 

IJTery  largely  dependent  npon  a  proper  technic. 

f  Haret'  treated  successfully  with  X-i-ays  an  obstinate  case  of  trigem- 
inal ni'UriilEta  after  all  ntlier  methods  had  j>rovetl  unavailing.  The  pain- 
ful regiou  was  irradiated  through  the  mouth,  the  neighboring  parts  be- 
ing protected  by  a  tube  of  lead  glass.  The  X-rays  were  directed  on  the 
alveolar  border  in  the  region  of  the  first  aud  second  molar  t«eth.  A  doee 
of  four  Holzkuecbt  units  was  given  daily,  using  rays  corresponding  to 
number  seven  or  eight  on  Benoist's  scale.  After  the  first  and  second 
stances  there  was  no  noticeable  change.  After  the  third  irradiation  the 
patient  asserted  tbat  there  vas  some  diminution  of  the  paiu.  There  was 
slight  reaction  of  tbe  skin  on  the  border  of  tbe  upper  lip,  which  had  beea 
imperfectly  shielded  from  the  rays.  After  the  fourth  stance  thei'e  was  a 
complete  cessation  of  all  pain.  Since  then  tbe  patient  has  remained  free 
,   from  any  recurrence  of  tbe  afTectiou. 

For  four  years  Faber'a'  patient  had  suffered  from  trigeminal  neu- 
ralgia, with  two  intervals  of  a  few  month's  freedom  from  pain  after  oper- 
ation. As  the  neuralgia  recurred  with  increased  intensity  and  frequency, 
ten  Biintgeu  exposures  of  ten  minutes  each  were  applied  to  the  upper 
half  of  the  face  within  sixteen  days.  Improvement  waa  evident  at  once 
and  the  patient  was  soon  entirely  free  from  pain.  There  has  been  no 
e  duriug  the  few  months  since. 

'  .Archives  of  the  Bimlgen  Bay,  May,  1906. 

'  Hospitalstiden de-Copenhagen,  last  indexed  page  81S, 
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Dr.  E.  B.  Bondurant'  reports  that  one  application  of  the  X-i-ays 
apparently  cured  facial  and  intercostal  neuralgia.  Dr.  S.  W.  Allen  re- 
ports several  cases  which  show  that  neuralgic  pains  ceased  even  when  the 
X-rays  were  used  for  making  the  diagnosis.  I  have  noticed  that  many 
cases  of  neuralgia  were  temporarily  cured  when  the  X-rays  were  used  for 
diagnosing  dental  conditions. 

F.  Epilepsy. 

Four  years  ago  I  examined  a  boy's  skull  for  depressed  bone,  the  lad 
being  a  sufferer  from  epilepsy.  His  physician  informed  me  that  since  his 
X-ray  examination  there  was  a  complete  absence  of  epileptic  seizures ; 
this  suggested  the  treatment  of  epileptic  cases  by  the  X-rays. 

Two  years  ago,  through  the  courtesy  of  Dr.  W.  W.  Hawke,  Superin- 
tendent of  the  Insane  Department  of  the  Philadelphia  Hospital,  twelve 
patients  were  selected,  the  youngest  being  six  and  the  oldest  sixty,  the 
attacks  varying  from  a  very  mild  type  to  a  severe  epileptic  seizure.  (Figs. 
236,  237.) 

X-ray  treatments  began  in  February,  March,  and  April,  1904 ;  treat- 
ment three  times  a  week,  exposures  five  minutes,  distance  of  the  anode 
8-10  inches  (20  to  25  cm.).  Various  parts  of  the  skull  were  exposed. 
After  two  months'  treatment  alopecia  was  produced. 

The  results  and  improvements  from  the  X-ray  treatment  were  quite 
satisfactory,  as  will  be  noticed  from  the  lower  group  of  photographs. 
(Fig.  238.) 

The  following  table  exhibits  the  number  of  attacks  in  1903  and  1904, 
Showing  the  improvement  due  to  the  rays  : 

Ca8es.  Results. 

I.  Number  of  attacks  in  1903  were    68. 

Number  of  attacks  in  1904  were    41.     Decrease  of  27. 

II.  Number  of  attacks  in  1903  were  845. 

Number  of  attacks  in  1904  were  412.    Decrease  of  433. 
No  attacks  during  October,  November,  December. 

III.  Number  of  attacks  in  1903  were    59. 

Number  of  attacks  in  1904  were    14.     Decrease  of  45. 

Attacks  ceased  two  months  after  treatment,  but  patient  died  on  May  7, 1904. 

IV.  Number  of  attacks  in  1903  were    85. 

Number  of  attacks  in  1904  were    80.    Decrease  of  5. 

Patient  died  five  months  after  the  beginning  of  the  treatment. 

V.  Number  of  attacks  in  1903  were  144. 

Number  of  attacks  in  1904  were  120.    Decrease  of  24. 
No  attacks  during  October,  November,  December. 

*  New  York  Med.  Jour.,  August,  1902,  vol.  Ixxvi.  pp.  194-196. 
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,   Number  of  ultucks  in  1903  were  201 

Namlier  oi  attacks  in  1904  were  IRI 

No  altafka  during  October,  Noi 


.    An  iiicreiipe  of  16. 
dumber  of  atttioks  increaet^l  iluring  tlie  Ireatiiients,  bat  during  Uctobw, 
November,  Deeeoibpr,  there  were  no  attai-ka. 

X  Koaiber  of  atlarka  in  1903  were   61. 

Number  of  atlacba  in  1904  were    77.    Intreaae  of  18. 
Increase<l  during  the  triiatmetit. 

These  results  of  X-raj"  treatment  of  epilejiticii,  I  believe,  ai-e  en 
aging  when  we  notice  the  deorense  in  the  luimber,  dnnition,  and  severity 
of  the  attacks.  I  cannot  think  that  any  harm  can  be  done,  extM^pt  thil 
alopecia  that  may  be  produced. 

The  sudden  death  of  two  young  patients  during  and  immediately 
after  the  treatment  was  not  the  direct  result  of  the  X-ray  treatment, 
although  the  autopsy  showed  congestion  of  the  brain,  which  might  hars 
l)een  duo  to  some  other  cjiuhc. 

Horace  Manders '  states  that  it  is  only  two  or  three  yeai-s  since  Branth 
conceived  the  idea  of  using  the  X-rays  for  the  relief  of  epilepsy,  on  the 
theory  that  these  rays  stimulate  protoplasm  into  greater  vital  activity. 
He  gave  three  treatments  a  week,  beginning  with  five  minutes'  exposure 
at  15  inches  distance,  and  increased  tx>  ten  minutes'  exposure  at  10  inches 
distance.  A  different  part  of  the  sknl]  was  exposed  at  each  sitting.  A 
hard  or  high-vacuum  tube,  backing  up  a  spark-gap  of  5  to  8  inches,  was 
used.  One  objection  to  this  treatment  is  the  alopecia  which  follows  it, 
but  the  hair  will  return  in  a  stronger  growth  than  before.  It  may  also 
be  desirable  to  continue  the  use  of  the  bromide  with  the  X-rays.  This 
treatment  is  usually  followed  by  a  gain  in  weight,  by  improvement  in 
enunciation  (if  that  were  faulty),  and  by  lighter  seizures  of  shorter  dnra- 
tion  and  at  longer  intervals.  This  treatment  is  not  available  if 
degenerative  processes  of  tlie  brain  have  begun. 

Dr.  J,  H.  Branth'  gives  three  treatments  a  week,  beginning  with 
5-minnte  exposures  at  15  inches  distance,  and  by  degrees  increases  to  10 
minutes  at  10  inches.  A  different  part  of  the  skull  was  exposed  at  each 
sitting,  and  a  tube  of  high  peneti-ation  used.  The  hair  drops  off  usually 
near  the  parts  exposed,  but  returns  later  in  stronger  growth.     lu  some 


'  ArchiveB  of  the  Riintgen  Ray,  April,  19CB. 
'New  York  Medical  Journal,  June  11,  IIKM. 
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cases  the  bromides  caD  be  dispensed  with ;  in  others,  small  doses  prove 
beneficial.  In  young  subjects  a  gain  of  weight  soon  results,  and  a  marked 
improvement  in  the  mental  Acuities  takes  place.  The  impediment  in 
speech,  which  occurs  in  severe  cases  of  long  standing,  has  been  removed 
by  raying,  and  the  attacks,  which  numbered  from  6  to  10  a  day,  were 
reduced  to  one  every  2  or  3  weeks. 

It  is  to  be  hoped  that  these  results  will  be  confirmed  by  others.  1 
recall  a  case  where  I  took  two  radiographs  of  the  head,  with  a  view  of 
locating  the  cause  of  the  seizures.  The  patient  had  no  attacks  for  over 
two  months  following  the  exposures. 


S£ 


chapter  vi 
kahtum  and  other  radio-active  substances. 

The  remarkable  cliemieal  body  radinm,  discovered  some  years  ago 
I  by  Prof,  and  Mwlame  Curie,  beloiigs  to  tlie  alkaliue  group  of  elements. 
I  Uadame  Cnrie  mitkes  the  alomie  veight  225.  We  know  that  liarium  has 
I  an  atomic  weight  of  136.4  and  thorinm  230.8;  thu.s,  according  to  the 
I  periodic  law  of  atomic  weights,  first  outlined  by  Merideleeff.  radium  would 
I  stand  between  the  two  just  mentioned,  Demar^ay  first  domoustrated 
I  tiint  radium  was  an  element,  being  characterized  by  a  spark  spe^trnmof 
\  14  or  15  lines.  ^^H 

I  OC<:a'KKE»CE.  ^^1 

Radium  is  a  very  rare  element  and  has  for  its  source  ordinary  pitch- 
I'blende,  occasionally  spoken  of  as  uranium.  An  abundance  of  this 
imineral  is  found  in  various  parts  of  the  world,  chiefly  in  Cornwall, 
f  Colorado,  Nevada,  Saxony,  Bohemia,  and  Thibet. 

Pitchblende  ia  a  mineral  of  a  "pitchy"  appearance;  cliemically.  it 
[consists  of  the  doable  oxides  of  uranium,  the  oxides  of  lead  and  zinc,  in 
"  combination  with  more  or  less  rare  andpecnliurnietiillic  hi.di.'s  in  smaller 
quantities.  Uranium,  a  commonly  used  body,  the  salts  of  which  are  trf 
beautiful  tints  on  the  border  of  yellow,  has  been  for  years  extracted  from 
pitchblende.  What  was  formerly  cast  off  as  the  useless  substance  of 
pitchblende  is  to-day  saved  for  the  purpose  of  extracting  therefrom 
radium,  helium,  etc. 

Chemic.\i,  asd  Photographic  Effects, 

Professor  Henri  Becquerel,  a  noted  French  physicist  and  chemist, 
learned  that  the  compound  potassio-sulphate  of  uranium  was  endowed 
with  properties  similar  to  those  manifested  by  zinc  sulphide  and  other 
bodies.  He  discovered  that  when  ui'anium  or  any  of  its  salts  was 
exposed  to  belious  radiations,  they  became  endowed  with  the  faculty 
of  absorbing  the  rays,  which  in  turn  could  be  induced  to  act  upon  the 
film  of  a  sensitive  photographic  plate.  That  this  phenomenon  was  dis- 
played by  metallic  uranium  caused  him  to  believe  that  the  same  restUt 
might  take  place  if  he  used  the  ore  from  which  it  was  derived  primarily. 
Following  this  line  of  reasouiiig,  he  employed  ordinary  ore  (pitchblende), 
desiring  to  influence  a  sensitive  plate  by  exposing  the  complex  ore  to  the 
rays  of  the  snn.  The  sun  was  obscured  by  clouds ;  so  be  removed  the 
ore,  also  a  key  (that  he  desired  to  image),  and  the  sensitive  plate  to  » 
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closet,  intending  to  conduct  the  experiment  at  some  future  day.  Fortu- 
nately for  science,  he  forgot  the  experiment  for  several  days,  and,  upon 
examining  the  plate  after  developing,  he  observed  that  the  image  of  the 
key  had  already  been  imprinted  into  the  sensitive  coating  of  the  pitch- 
blende. Thus,  accidentally,  he  discovered  that  uranium  ore,  the  pure 
metal  and  also  its  salts,  would  cast  an  image  on  a  plate,  and  that  a  previ- 
ous exposure  to  sunlight  was  not  essential  to  the  evolution  of  these  dark, 
invisible  rays.  Even  though  a  uranium  salt  be  crystallized  out  of  its 
solution  in  the  dark,  and  allowed  to  remain  there,  it  still  possesses  the 
property  of  emitting  rays  which  affect  ordinary  photographic  plates. 

Photographic  paper  becomes  brittle  after  prolonged  exposure.  Ozone 
is  formed  in  the  air  about  radium.  The  rays  are  not  affected  by  the 
extremes  of  temperature. 

Like  Elster  and  Geitel,  who  observed  that  certain  substances  which 
had  been  exposed  to  light  emitted  radiations  capable  of  discharging 
negatively  electrified  bodies,  Becquerel  observed  the  same  quality  in  the 
radiations  that  bear  his  name. 

Sir  William  Crookes,  soon  after  the  discovery  wats  made  public, 
subjected  the  salts  of  uranium  to  a  close  examination,  and  he  theo- 
rized that  these  radiations  were  not  due  to  the  uranium  itself,  but  to 
contained  impurities  in  the  salt.  He  crystallized  repeatedly  the  sub- 
stances, exercising  care  to  separate  the  crystals  into  two  portions, — on 
one  side  he  placed  those  crystals  which  formed  with  greater  ease,  and  on 
the  other  those  which  formed  slowly.  He  observed  that  one  set  of  crys- 
tals possessed  the  power  of  readily  emitting  rays, — i.e.,  they  were  said 
to  be  radio-active, — while  the  other  lot  of  crystals  were  devoid  of  such 
phenomenal  activity. 

At  the  outset  Professor  and  Madame  Curie  reasoned,  and  correctly 
so,  that  the  largest  percentage  of  the  radio-active  substance,  as  yet 
unknown,  was  found  in  the  ore  (pitch-blende)  and  not  in  uranium.  They 
undertook  the  task  of  extracting  the  unknown  body  from  the  ore,  and 
they  discovered  that  they  had  now  to  deal  with  two  distinctly  different 
bodies,  the  one  substance  was  that  which  gave  off  the  liecquerel  I'ays, 
and  the  other,  since  those  days,  has  been  termed  radium,  actinium,  and 
polonium.  Kadium  is  present  in  pitch-blende  in  larger  quantities  than 
any  of  the  other  radio-active  substjinces. 

After  the  oxides  of  uranium  have  been  separated  from  the  ore,  the 
residue  remaining  behind  constitutes  little  more  than  three- quartei-s  of 
its  weight.  This  residue  contains  all  the  other  metals  entering  into  its 
complex  construction,  and  from  these  the  newer  radio-active  substances 
have  to  be  separated,  requiring  severest  attention.  Thorium,  one  of  the 
radio-active  elements,  extracted  from  the  refuse  ore,  is  not  new  ;  having 
been  known  by  chemists  for  years.  Polonium  is  contained  in  the  ore  in 
only  the  minutest  quantities.  Prof.  Markwald  was  able  to  extract  only 
15/100  of  a  grain  of  this  element  from  two  tons  of  refuse  ore,  from  which 
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uranium  oxides  liad  been  estract43d.  It  seems  to  be  somewhat  related  fiflr^ 
bismnth.  Radium  usually  accompanies  the  bariuui  obtaiue<)  fn>iii  pitoJi- 
bleiide ;  it  resembles  it  in  its  reactious,  and  in  ftepanited  from  bai'ium  by 
the  differences  of  the  solubility  of  tbe  chlorides  in  water  or  alcnliol  con- 
taiuing  hydrochloric  acid.  Radium,  iii  the  metallic  or  pure  staltt,  luw 
not  up  to  the  present  time  l>een  isolated.  It  could,  however,  be  itsolatcd 
witli  practically  no  dilliciilty  whatever,  according  to  the  opinion  of  Prof. 
Curie,  by  ciirefully  treating  the  chloride  part  of  the  SiUt  with  sodiuni 
or  pottuisium,  forming  a,  chloride  salt  uf  either  uue  or  both  of  tho  latter 
substances.  ^^ 

■  Physical  I'ijoi'f.rtiks  ok  Rimi'M.  ^^M 

L  Radium  appeal's  like  ordinary  table  xalt.  with  a  slightly  y«^lIowish 

I  tinge.  It  is  weighty  and  non-del iquesceut.  It  eontinuonsly  emttn  a 
i  £eeblo  light,  which  is  only  recognizable  in  a  darkened  room.  All  tbe 
[  bodies  coming  in  combination  (or  otherwise)  with  radium  have  imparted 
to  them  radiations,  which  are  in  tarn  given  off.  Zinc-blende  is  especially 
'  able  to  take  up  these  radiations.  Radium  also  constantly  gives  off  heat 
I  rays,  so  that  the  temperatnrc  is  always  1.5°  C.  above  that  of  surrounding 
\  objects.  The  liew  that  the  ray  and  heat  emanations  from  a  nulium  aalt 
I  do  not  cause  a  decrease  or  loss  on  the  part  uf  the  salt,  is  incorrect,  the 
F Opposite  being  tlieciise;  although  we  must  bear  in  mind  that  tbisloasis 
verj'  minnte. 

Penetration.  —  These  rays,  like  the  Riintgen  emanations,  traverse 
wood  and  the  lighter  metals.  By  placing  an  aluminium  disk  on  a 
black  paper  envelope,  covering  this  with  a  card,  over  which  are 
sprinkled  crystals  of  the  double  sulphate  of  potassium  and  uraninm 
that  had  never  been  exposed  to  light,  Becquerel  was  able  to  obtain  a 
radiograph. 

Fluorrscetice  and  LumUiomty, — This  is  well  illustrated  by  the  spin- 
thariscope of  Crookes.  This  consists  of  a  brass  tul)e,  having  at  one  end 
a  fluorescent  screen  and  in  front  of  this  a  little  movable  arrow.  On  tbe 
under  surface  of  the  tip  of  the  arrow,  that  i.s  just  opposite  the  screen,  is 
a  minute  particle  of  radium.  At  the  opposite  end  of  the  tube  is  an 
adjustable  lens.  Upon  going  into  a  dark  room  and  ai^usting  the  lens  to 
suit  the  eye,  one  can  see  minute  particles  of  light  flying  off  from  the 
screen  in  every  direction,  and  dancing  around  at  a  rapid  rate,  suggesting 
a  shower  of  shooting  stars.  Slight  phosphorescence  is  also  produced  by 
radium. 

Greef  discusses  the  fact  that  the  rays  of  radium  are  visible  to  the 
naked  eye  iti  the  dark.  It  is  not  a  phosphorescence,  as  radium  maintains 
this  property  indefinitely  when  kept  exclusively  in  the  dark  witboal 
exposure  to  any  light.  It  induces  fluorescence  in  other  objecta,  and  also 
emits  the  radium  rays  proper. 
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Theoretical  Considerations  :  Classification  of  the  Rays. 

What  are  the  emanations  (radiations)  from  radio-active  bodies  ?  Like 
the  problem  with  the  Rontgen  rays,  the  very  same  state  of  affairs  exists, 
and  is  yet  to  be  solved  in  so  far  as  radium  and  associated  radio-active 
bodies  are  concerned.  A  number  of  authorities  are  of  the  opinion  that 
the  radiations  are  minute  particles  given  ofif,  and  not  the  undulations  in 
the  surrounding  medium  (ether). 

Crookes  speaks  of  three  kinds  of  radiations :  Similar  or  identical 
with  the  cathodic  emanations,  free  electrodes,  or  matter  in  the  ultra- 
gaseous  existence.  Distinct  atoms,  electrified  positively,  the  air  being 
rendered  a  conducting  medium,  and  affecting  photographic  plates.  Rays 
of  a  very  high  degree  of  penetration  accompanying  the  others ;  Crookes 
believing  them  to  be  identified  with  the  X-rays. 

Taking  the  first  group,  we  may  state  that  the  rays  are  strongly  devi- 
ated in  a  magnetic  field,  the  second  rather  slightly,  and  the  third  not  at  all. 
They  all  produce  effects  on  photographic  plates,  and  excite  phosphores- 
cent bodies,  though  all  with  variable  differences.  The  former  and  the  lat- 
ter affect  strongly  platino- barium  cyanide ;  the  second  have  no  such  effect. 

Some  speak  of  three  kinds  of  radio-activity  :  o/p/w,  beta,  and  gamma. 
The  alpha  rays  are  easily  absorbed  and  carry  a  positive  electrification ; 
the  beta  rays  easily  penetrate  solids,  and  carry  a  negative  charge ;  and 
the  gamma  rays  have  a  very  intense  penetrative  power,  but  carry  no 
charge.  Some  state  that  the  gamma  and  the  Rontgen  rays  are  identical^ 
though  Strutt,  of  Cambridge,  is  of  the  opinion  that  there  is  a  vast  differ- 
ence. Crookes  maintains  that  they  are  actual  emanations, — the  projec- 
tion of  minute  particles  from  the  radio-active  body  into  adjacent  space. 

Rutherford  asserts  that  if  the  radiant  particles  were  ejected  with 
slightly  less  velocity,  they  would  neither  ionize  the  air,  affect  a  photo- 
graphic plate,  nor  cause  fluorescence  ;  in  truth,  there  would  be  absolutely 
no  effect  capable  of  detection  by  our  apparatus. 

Biological  Effects. 

Bactericidal  Action. — Crookes  exhibited  a  number  of  plate  cultures 
and  photographs  illustrative  of  the  bactericidal  properties  of  the  ema- 
nations from  radium.  Various  cultures  of  bacteria  were  exposed  to  the 
action  of  ten  milligrammes  of  bromide  of  radium,  through  a  mica  screen, 
at  a  distance  of  one  inch  from  the  surface  of  the  plate.  After  having  been 
subjected  to  the  action  of  the  radium  emanations,  the  plates  were  incu- 
bated for  24,  48,  or  more  hours.  In  every  case  it  was  found  that  the  mi- 
crobes were  killed  where  they  had  been  exposed  to  radium,  so  that  on 
incubation,  a  bare  space,  free  from  bacterial  growths,  was  left  on  the 
plate  opposite  the  point  where  the  radium  had  been  placed.  Among 
the  bacteria  experimented  upon  were  the  bacillus  coli  communis,  the 
bacillus  prodigiosus,  etc. 
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The  Injlutnce  of  Radium  on  Aggluiinntion.  ~  P.  P.  Jogn '  teste*!  'QxB 
effect  of  radium  on  the  sijecitle  properties  of  blood  seram  in  typhoid  fever. 
It  was  found  that  aftpr  an  expo3ur«  of  tha  typboid  i)!ood  serum  to 
radium  bromide,  lasting  2  or  3  days,  the  serum  completely  lost  it«  agglu- 
tinating properties.  An  exposure  of  8liorte_r  duration  does  not  destroy 
the  agglutinating  power,  though  the  iatt4?r  undergoes  a  eousidemhie 
reduction.  These  phenomena  the  author  is  inclined  to  attribute  to  thi' 
so-called  "  beta  rays.'* 

Frederick  Soddy  ■  states  that  five  minutes'  application  of  radium  is 
equivalent  lo  ten  years'  application  of  thorium,  although  both  instanta- 
neously produce  radio-active  emanations  of  gases  in  iufinit^inial  qnanti- 
ties.  He  believes  it  possible  to  inhale  the  emanations  of  both  these 
substances  in  the  treatment  of  pulmonary  tuberculosis.  The  nuvximum 
doso  of  i-adium  solution  should  l>e  the  gaseous  contents  of  a  bubble ;  a 
few  bubbles  every  24  hours. 

Phyaiolofficnl  Action. — Heinelte'  l)elieves  that  the  action  of  mdium 
rays  is  approximately  the  same  as  that  of  the  I^ntgen  rays.  Lymphoid 
tissue  is  iiffected  in  the  same  way,  but  not  to  the  same  extent  as  with  the 
Bontgeu  rays,  unless  the  radium  is  brought  into  close  contact,  when  a 
brief  exposure  will  astonishingly  induce  extensive  changes  in  the 
lymphoid  tissue,  apparent  in  a  few  hours. 

Efferts  on  Ike  Nervous  System. — The  effects  on  the  nervous  s^'slem  are 
inteiv?sting  and  have  Ijccn  chiefly  studied  in  young  mice.  London  found 
that  mice  exposeil  to  a  strong  preparation  of  radium  were  killed.  There 
was  first  redness  of  the  ears,  then  blinking  of  the  eyelids,  then  drowsi- 
ness, slowness  of  movement  and  feeble  response  to  stimuli.  This  was 
followed  by  paralysis,  then  coma,  and  finally  death.  The  symptoms 
developed  about  the  third  day  of  exposure,  and  the  animals  died  on  the 
fourth  or  fiftli  day.  Along  with  these  nervous  symptoms  were  well 
marked  effects  on  the  skin.  The  hair  and  epidermis  were  loosened  and 
the  subcutaneous  tissue  was  greatly  congested. 

Effects  on  the  Eye. -—Badiura  produces  luminous  effects  od  the  retina 
even  when  the  eyes  are  closed.     This  is  due  either  to  fluorescence  of  the 
tissues  of  the  eye,  or  to  direct  effect  on  the  optic  nerves,  probably  the 
former.     This  effect  has  been  taken  advantage  of  by  Javal,'  London,  and 
others,  in  es))erimenting  on  the  blind  with  radium.     In  his  experiments 
Javal  found,  in  two  cases  of  blindness  in  which  there  still  remained  a 
slight  perception  of  light,  that  the  patients  perceived  a  light  sensatiou 
when  radium  was  held  before  the  eyes.     In  two  other  cases  of  blindnees, 
one  due  to  optic  atrophy,  and  the  other  to  glaucoma,  both  patients  being 
absolutely  blind,  there   was  no  perception  of  light  from  exposure  to 
I  Roufisky  Vrat^Ji,  December6,  1903. 
'  Nature,'  vol.  78,  July  25,  1904,  p.  2U6. 
'  Miinchener  meil.  Wochenwhritt,  vol.  li.,  No.  31, 1904. 
'  Phi-fiikal.  Zeitachr.  1900.  i.  p.  476. 


RADIUM  AND  OTHER  SUBSTANCES.  503 

radium.  London's  results  are  to  the  same  effect  Blind  patients  who 
still  retained  a  slight  perception  of  light  were  cognizant  of  a  visual  sensa- 
tion when  radium  was  applied  to  their  eyes.  In  those  totally  blind  the 
results  were  negative. 

Radium  and  Thorium  as  Therapeutic  Agents. 

The  attention  of  the  medical  world  is  at  present  directed  to  the 
therapeutic  experiments  with  radium,  and  so  far  the  results  lead  us  to 
hope  that  it  will  prove  of  value  in  the  treatment  of  certain  skin 
diseases  and  malignant  conditions.  It  is  still  too  soon  to  pronounce 
authoritatively  upon  the  permanency  of  the  cure  in  malignant  cases. 
Already  many  instances  are  recorded  in  which  the  use  of  radium  has 
effected  complete  disappearance  of  carcinomatous  growths,  especially 
the  epitheliomata. 

Radium  does  not  give  so  good  a  differentiation  of  the  tissues  as  can 
be  obtained  by  the  X-rays,  it  is  of  little  value  in  taking  radiographs  or 
in  making  examinations  with  the  fluorescent  screen ;  but  on  the  other 
hand,  radium  is  far  more  convenient ;  it  can  be  easily  transported,  and 
can  be  applied  in  positions  dif&cult  of  access  with  the  X-rays,  and  its 
action  can  be  readily  controlled.  It  is  not  so  convenient  as  the  X-rays 
when  large  surfaces  require  treatment,  but  this  objection  may  be  over- 
come by  the  fact  that  the  emanations  from  radium  salts  which  will  pass 
through  the  air,  but  not  through  glass,  are  taken  up  by  rubber  and 
other  articles.  The  absorbed  rays  are  given  off  slowly  from  the  articles, 
and  apparently  have  the  same  effect  as  those  directly  derived  from  the 
radiam  salts.  Williams  *  remarks  that  his  clinical  results  with  the  beta 
rays  have  been  very  good,  and  he  is  now  trying  the  effect  of  the  gamma 
rays  upon  deep-seated  growths. 

The  gamma  rays  are  the  fewest  in  number,  but  are  deeply  pene- 
trating; the  beta  rays  are  more  numerous,  but  act  very  superficially, 
and  are  probably  instrumental  in  causing  the  burns  that  have  l>een  re- 
corded. The  action  of  the  gamma  rays  alone  can  be  obtained  by  inter- 
posing an  aluminium  screen,  which  intercepts  the  l>et4i  rays,  but  allows 
the  gamma  rays  to  pass  through,  if  the  screen  be  not  too  thick. 

Dineases  of  the  Skin. — Scholtz  *  has  been  testing  25  mg.  of  i-adium  bro- 
mide in  the  treatment  of  various  skin  affections  and  in  tumoi-s,  and  in 
conducting  experiments  on  animals.  The  treatment  proved  particularly 
effective  in  lupus  and  superficial  cancer.  The  results  indicate  that 
radium  rays  produce  effects  closely  similar  to  those  of  the  X-mys.  The 
radium  can  easily  be  introduced  into  the  mouth,  nose,  throat,  and  vagina. 

F.  Williams*  bases  his  conclusions  on  the  study  of  fifty  cases  of 

*  Medical  News,  Febraary  6,  1904. 

'  Deutsche  med.  Wochenschr.,  vol.  xxx.,  No.  24. 

'  Boston  Medical  and  Surgical  Journal,  Feb.  25,  1904. 
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various  diaeases,  treated  with  radium  bromide,  in  qimntity  about  50 
milligrammes,  luid  of  a  riwiio-activity  of  about  1,600,000.  The  aotbor 
presents  the  following  summary  of  hia  observations : 

"1.  The  rays  from  radium  salts,  unlike  the  X-rays,  are  not  service- 
able in  diagnosis,  either  by  means  of  radiogmphs  or  of  fluoroscopic 
examinations.  2.  The  beta  rays  are  useful  as  a  therapeutic  agent  in 
eertiiiu  skin  diseiises  and  new  growths,  if  the  diseased  tissues  are  siiper- 
Soiai  or  are  not  more  than  about  1.25  cm.  (1-3  an  inch)  lielow  the  surface 
of  the  skin  or  accessible  niucons  membranes.  3,  The  beta  rays  from 
radium  salts  will  heal  some  cases  of  new  growths  Uiat  are  not  healiHl  by 
the  X-raya,  and  they  act  moi*  promptly,  but  not  over  so  large  a  sni  fH«e 
at  one  time  as  do  the  X-rays.  4.  Radium  salts  of  an  activity  of  l^KW, 
or  considerably  more,  are  not  sufficiently  sti-ong  to  be  efficient.  I'lire 
radium  salts,  which  have  a  radio-activity  of  about  1,500,000,  are  not  too 
strong  for  the  work  to  be  done.  5.  The  radiation  from  radiuin  salts. 
unlike  that  from  the  X-ray  tube,  is  uniform.  6.  Great  care  should  he 
exercised  to  avoid  bums," 

Dr.  Meyer  and  William  J.  Hammer  treated  favorably  a  large  axil- 
lary cancer  with  radium  of  300,000  activity.  The  exposure  was  one 
niinnt«  daily.  While  this  cose  was  incumble,  the  cancer  grew  smaller 
and  less  painful  under  the  rays. 

Lovell  Drage '  believes  that,  in  cancer,  radium  first  produces  a  leuco- 
cytosis,  and  then  a  fibrosis.  In  the  case  of  pulmonary  tulM-rcnlosis  there 
is  no  difficulty  iu  producing  these  conditions;  In  that  of  cancer  much 
greater  difficulty  is  experienced  in  advanced  cases  than  is  the  case  with 
tuberculosis. 

Professor  Havas  observed  a  necrosis  after  the  application  of  radium 
to  a  nievns  pigmentosus,  and  considered  its  action  similar  to  that  of  the 
B<)ntgen  rays. 

Modf  of  Relroffrcssioa  of  Cancer  Metastases  under  Radium  Rays.  — Bzner 
was  able  to  trace  histologically  the  retrogression  of  carcinomatoos  nod- 
ules in  the  mamma  in  one  out  of  the  two  cases  described.  The  findings 
were  controlled  by  histological  examination  of  excised,  non-exposed  nod- 
ules. He  found  that  exposure  for  a  single  half  hour  was  able  to  induce 
complete  retrogression  of  a  nodule.  The  retrogression  was  complete  in 
five  weeka  The  most  remarkable  feature  of  the  phenomenoa  is  that  while 
the  cancer  cells  retrogress,  none  of  the  other  cutaneous  elements  was  de- 
stroyed. Within  a  week  of  the  exposure  there  was  a  new  formation  of 
connective  tissue,  while  at  this  time  the  cancer  cells  showed  no  change. 
There  are  numerous  new  formed  capillaries  in  the  new  connective  tissue. 
No  change  appears  in  the  cancer  cells  until  two  weeks  have  elapsed.  The 
rapid  proliferation  of  connective  tissue  seems  to  diverge  the  cancer  cells 
and  overwhelm  them  by  its  growth,  actually  squeezing  them  to  death. 

'  British  Medical  Journal,  December  12, 1904, 
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Holzknecht  treated  several  cases  of  cutaneous  affections  with  the 
radium  rays,  of  one  application  each.  One  was  a  case  of  psoriasis  gyrata 
of  the  entire  body,  which  had  been  neariy  cured  with  the  X-rays  and 
the  cure  was  completed  by  the  application  of  the  radium.  Very  slight 
and  brief  applications  of  the  X-rays  are  enough  to  cure  psoriasis.  The 
patches  heal,  while  the  sound  skin  is  not  affected  by  the  applications. 
The  same  is  true  of  the  radium. 

Francis  H.  Williams*  has  employed  radium  in  forty-two  cases,  and 
states  that  of  the  patients  treated,  9  were  suffering  from  acne,  2  each 
from  eczema  and  psoriasis,  and  4  from  lupus  vulgaris.  Of  the  33  re- 
maining, 1  was  keloid,  5  were  cases  of  rodent  ulcer,  23  of  epidermoid  car- 
cinoma, and  4  were  cancer  of  the  breast.  The  keloid  case  has  improved, 
2  of  the  5  cases  of  rodent  ulcer  have  healed,  and  three  show  improve- 
ment. Of  the  cases  of  epidermoid  cancer,  11  have  healed  and  12  are 
improving.  The  author  made  experiments  to  test  which  were  the  more 
beneficial,  the  beta  or  the  gamma  rays  from  radium ;  these  showed  that 
the  beta  rays  do  not  penetrate,  and  are  therefore  suited  for  superficial  treat- 
ment, while  the  gamma  rays  have  a  marked  power  of  penetration.  His 
conclusions  are  as  follows:  That  there  is  much  similarity  between  the 
action  of  the  radiations  from  radium  and  the  Eontgen  rays ;  that  if  the 
results  obtained  by  radium  prove  permanent,  this  new  therapeutic  agent 
may  be  largely  used  instead  of  the  Rontgen  rays  ;  also  that  certain  diseases 
promise  to  yield  more  readily  to  treatment  by  radium  and  others  to  the 
Rontgen  rays.  He  argues  that  a  disease  that  has  attacked  different  parts 
of  the  body  of  a  given  patient  may  be  better  treated  in  certain  regions 
by  radium,  and  in  others  by  the  Rontgen  rays.  And,  lastly,  that  it  is 
quite  possible  that,  in  some  cases,  the  two  remedies  used  together  on  the 
same  area  and  at  the  same  sitting  may  accomplish  better  results  than  either 
employed  alone. 

Laasar '  gives  illustrations  of  a  number  of  patients  with  melanoma  or 
cancroid  cured  by  application  of  1  mg.  of  radium  bromide,  in  a  small  cap- 
sule of  lead  foil,  upon  a  sheet  of  mica.  He  thinks  that  his  experience 
justifies  him  in  proclaiming  that  neoplasms  can  be  cured  with  radium 
in  the  hands  of  any  physician. 

M.  Danlos'  reports  a  case  of  lupus  of  the  face  exposed  to  the  action 
of  a  salt  of  radium,  at  two  points,  which  had  a  radio-activity  of  19,000 
from  24  to  36  hours.  The  result  was  disappearance  of  the  disease,  with 
the  formation  of  a  smooth,  white  cicatrix,  blending  into  the  surrounding 
normal  tissue. 

MM.  Hallopeau  and  Gadaud  *  report  that  too  prolonged  exposure 
to  the  emanations  from  radium  led  to  ulcerations  which  lasted  from  five 
to  six  months.     Dr.  Blandamour  has  also  used  radium  in  lupus.     His 

» Medical  News,  Feb.  6,  1904.  ^Dermat.  Zeit,  Berlin,  p.  1599. 

'Revue  d*£lectroth^rapie  et  Radioth^rapie,  Nov.  and  Dec,  1902. 
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)>est  rcsult^s  followed  the  use  of  salts  with  a  nidiu-atitivity  of  H'iOO  and 
1D,000  respectively. 

The  exposures  wei-e  made  for  from  twenty-four  to  forty  hours,  aud 
were  followed  hy  marked  erythema  with  maceration  of  the  tissues  ei- 
posed,  and  even  ulc«ratioD.  The  recovery  was  perfect  aud  the  cosmetic 
effect  good,  the  resulting  scar  being  white,  smooth,  aud  soft.  By  modify- 
ing the  power  of  the  nidium  and  shortening  the  exposure,  he  expressed 
the  hope  that  the  desii'ed  effect  might  l>e  obtained  without  ulcerutiou. 

Two  eases  reported  to  the  Viennese  Society  of  the  Imperial  Academy 
of  Science  *  had  been  submitted  to  the  action  of  radium.  One,  a  man  aged 
62,  had  been  repeatedly  operated  on  for  cancer  of  the  palate  and  lip,  but 
wilh  no  l)enelit.  Further  operative  measures  had  been  declared  useless. 
In  the  published  import,  the  radio-activity  and  techuic  wei-e  not  given, 
but  a  bromide  of  radium  was  used.  The  tumors  gi-adually  aud  com- 
pletely disappeared.  The  patient  was  treated  in  the  clinic  of  the  late 
Prof.  Oussenbauer.  The  second  case  was  ^>ne  of  melano-sarcomu  whicb 
was  also  reported  cured. 

Wm.  Alleu  Pusey '  believes  that  the  effeda  and  the  therapeutic  uses 
of  radium  are  in  some  respects  inferior  but  quite  analogous  lo  the  action 
of  the  X-rays,  and  that  i-adium  fiuds  a  promising  field  in  the  treatment 
of  lupus  and  cutaneous  cancers. 

Einhorn'  wakes  some  observations  on  the  method  of  radium  tirat- 
ment.  its  physiology  and  diaguostic  value,  and  on  the  therapeutic  results 
he  has  obtained  in  the  treatment  of  carcinoma  of  the  cesophagns.  Nine 
cases  of  (esophageal  cancer  were  treated,  of  which  sis  showed  some 
improvement.  Three  cases  were  uot  improved,  Koue  of  these  latter 
received  adequate  treatment.  Pain  was  diminished  in  some  of  them. 
Dr.  John  B.  Bliober  has  devised  the  radiode,  for  radium  applications  to 
the  less  accessible  cavities-     (Fig.  240.) 

Dr.  Mackenzie  Davidson, '  of  Charing  Cross  Hospital,  Loudon,  re- 
ports a  case  of  cancer  of  the  nose  cured  by  the  same  means.  Four  ex- 
posures, abrogating  au  hour  altogether,  were  given  at  Intervals  of  a  few 
days.  In  three  weeks  healing  was  progressing  satisfactorily,  and  in  six 
weeks  tlie  growth  was  all  gone. 

Foveau  de  Courmelles'  describes  numerous  experiences  to  show  the 
great  sedative  power  possessed  by  radium.  It  soothes  pain,  whether  or- 
ganic or  cancerous,  nervous  or  neuralgic.  Some  cases  of  facial  neuralgia 
and  one  of  sciatica,  long  i-ebellious  to  other  measures,  yielded  to  the 
action  of  the  radium  rays.     The  girdle  pains  in  two  eases  of  ataxia  were 

'  New  York  Me<lical  Journal,  August  15,  1903. 

'Journal  of  the  American  Medical  Association,  July  16,  190*. 

•  New  York  Jlelk-al  Record,  July  30.  1904. 

'Journal  of  the  Amerii'an  Medical  Amoclation,  June  25,  190i. 

'  Progrus  MMieal,  May  28, 1904. 
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cured,  one  by  the  radium  and  the  other  by  the  Rontgen  rays.  The  subjects 
were  not  informed  in  regard  to  the  nature  of  the  treatment,  so  he  thinks 
that  suggestion  may  be  excluded. 

Robert  Abbe  *  employs  only  large  quantities  of  stronger  radium. 

15  centigrammes  Curie  radium,  strength 300,000 

21  milligrammes  German  bromide,  strength    1,000,000 

100  milligrammes  German  bromide,  strength 1,800,000 

The  working  unit  of  the  most  powerful  and  pure  radium  manufact- 
ured is  10  milligrammes  radium  bromide  1,800,000,  and  is  best  used  in  a 
small  cell  covered  by  a  thin  layer  of  mica. 

He  puts  35  of  his  cases  in  the  lupus  type,  including  the  epithelio- 
mata,  and  asserts  that  not  one  failed  to  show  a  marked  improvement. 

Twenty  have  been  cured,  at  least  for  the  time,  and  with  the  proba- 
bility that  many  are  i)ermanent,  but  with  a  slight  point  or  two  of  recur- 
rence in  some,  which  always  have  yielded  to  a  short  secondary  treatment. 
Many  of  these  were  distinctly  malignant  epitheliomas. 

His  results  have  been  so  uniformly  excellent  in  the  treatment  of  the 
sarcomata,  that  he  unhesitatingly  advocates  radium  therapy  in  these 
cases  with  the  utmost  confidence. 

Exophthalmic  GoUre. — Robert  Abbe  *  reports  a  case  of  goitre  undesir- 
able for  operation.  An  opening  was  made  in  the  tumor,  into  which  a  tube 
containing  radium  was  inserted  and  retained  there  for  twenty -four  hours. 
At  the  end  of  four  months  there  was  still  a  certain  degree  of  tachycardia, 
but  the  tumor  had  contracted  to  one-sixth  of  its  former  size.  Two  possible 
explanations  of  the  favorable  action  are  given  ;  there  may  be  retrograde 
changes  in  all  overgrown  tissue,  or  there  may  be  irradiation  of  the 
ganglia  of  the  sympathetic,  ev^en  of  the  thoracic  and  cardiac  ganglia. 

Babies. — Tizzoni '  describes  two  series  of  experiments  which  have  at- 
tracted much  attention.  In  the  first,  the  virus  was  exposed  in  vitro  to 
the  action  of  the  radium  rays ;  in  the  second,  animals  were  inoculated  in 
the  eye,  or  sciatic  nerve,  or  under  the  dura  mater  with  virus,  and  the 
part  was  then  exposed  to  the  rays,  an  hour  a  day  for  eight  days.  The 
results  indicate  that  the  radium  rays  destroy  the  virus  of  rabies  both  in 
vitro  and  in  the  living  animal. 

Ncevus. — Hartigan*  reports  a  case  of  nievus  successfully  treated  by 
radium  bromide.  The  first  was  a  large  port-wine  ntevus  affecting  the 
whole  of  one  cheek  in  a  woman  of  twenty-six  years.  The  treatment 
lasted  nine  months,  during  which  time  thirty-nine  exposures  were  given, 
varying  from  half  an  hour  to  an  hour.     The  naevus  entirely  disappeared, 

'Journal  of  the  American  Medical  Association,  July  21,  1906. 
'Archives  of  the  Rontgen  Ray,  March,  1905. 

'Rif<)rma  Medica,  Palermo  and  Naples,  last  indexed  vol.  xliv.  p.  1818. 
^British  Journal  of  Dermatol.,  December,  1904  ;  Treatment,  April,  1905. 
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with  ilie  exception  of  a  few  niitreated  areas.    The  gimuiiiit  of  radium  used*' 
Wii9  10  uiilligrauimes.    Usually  wiLliin  twenty-four  hours  aii  erj'thema  'x;- 
curn^,  followed  by  vesicles,  which  fell  off  as  scabs  in  a  few  days,  leaving 
behind  a  thin  white  skin. 

liadh-Actirf  TreatiiuiU  with  Thorium. — Tra«y'  illustratett  the  nuUo- 
activity  of  thorium  and  calls  attention  to  its  anti 'fermentative  j»r(ii>erty. 
He  suggests  two  inethuds  of  using  i-adio-activity  iu  talKrculosis.  One  is 
by  using  a  saturate<l  solution  of  nitrate  of  thorium  in  a  large  shallow  re- 
ceptacle. A  slight  current  of  air  can  Ixt  caused  to  pass  over  the  solntiou 
from  a  tompi-essed  air  tank,  while  the  patient  is  inhaling.  With  the 
nitrat«  of  thorium  there  may  bo  more  or  less  free  nitric  acid  ;  this  must 
be  neutralized  by  passing  the  •■mana- 
I        J  tions,  before  infaaliition,  through  a  wash- 

k  bottle  containing  a  Haturat»l  solution  of 

y      -^  sodium  bicarbonate.     The  more  saliHfac- 

p'''^''Ja|  lory  way,  he  tliinks,  is  by  heating  the 

|"*!u"^9  oxide  of  thorium  by  the  Lieber  appu- 

t.^^^P  i-atus.     The     procedure    leaves    in    the 

^^  lungs  a  fine  film  of  radio-active  matter. 

^  E  which  in  torn  produces  the  phenomenon 

i^f  of  induced   radio -activity   in  the  same 

Fio.  239,~u«nTio*(.'9  KAi>irK  Ar-     parts,  which  may  last  for  one  or  two  days. 
TOK^The  upplloior  neutod  hen~      This  is  shown  by  the  piififiit.  iiflcr  inlini- 
ing  thorinm  emanations,   exhaling  on  a 
photographic  plate  which  produces  the 
ordinary  effects  on  the  silver  salts.     An 
inhalation    given    every   day  or  everj- 
other  day,  he  says,  will  keep  the  luug 
celts  constantly   in  a   radio-active   and 
antiseptic  condition.     The  heat  emanat- 
ing   from   a  Lieber   apparatus   can    be 
cooled  by  passing  through  a  glass  and 
rubber  tubing,  and  the  inhalation  may  be  given  for  a  period  of  fifteen 
minutes  at  the  outset,   gradually   increasing  to  half   aa  hoar.     This 
method  of  treating  tuberculosis  will  not  interfere  with  medical,  dietetic, 
or  other  treatment. 

Sharp '  reports  two  cases  of  pulmonary  tuberculosis  treated  by  inha- 
lations from  thorium  nitrate  solution.  In  twth  cases  there  was  marked 
improvement,  the  patients  being  enabled  to  return  to  work.  The  appa- 
ratus employed  consisted  of  an  ordinary  gas  washing  btMtte,  holding  500 
cc.  of  water,  in  which  were  dissolved  100  grains  (6  graman)  of  thorium 
nitrate.     When  dissolved,  any  excess  of  nitric  acid  was  neutralized  with 


—  Tbo  Hppllcator  HEUtDd  ben>- 

Mr.  HnrHroin.  F.R.»\S..  Assist.  Surveon, 
Blackfriars'  Iloapltal,  and  pcnnlu  of  Ihe 
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ammonia.  Two  patients  may  inhale  the  emanations  continuously  for  an 
hour  a  day  each  at  an  interval  of  eleven  hours,  it  taking  about  half  that 
long  for  the  gas  to  collect. 

Eheumatism. — Manders,'  in  choosing  a  radio-active  substance  for  the 
relief  of  rheumatic  pain,  favors  thorium,  because ;  (1)  Its  radiations  are 
spontaneous  and  are  not  destroyed  by  a  physical  state  or  by  chemical 
transformation ;  furthermore,  they  are  practically  inexhaustible  and  do 
not  need  stimulus  from  any  outside  source  of  energy ;  (2)  though  infi- 
nitely less  radio-active  than  radium,  thorium  is  much  more  active  than 
uranium  ;  it  is  rich  in  the  penetrating  beta  rays,  which  are  required  for 
deep  therapeusis,  and  poor  in  the  X-rays,  which  provoke  a  destructive 
molecular  change  in  the  elements  of  the  superficial  tissues. 

Hartigan,'  who  employs  his  radium  applicator  (Fig.  239),  treated  a 
woman  of  66,  with  a  scirrhus  of  the  breast  of  16  years'  duration.  She 
received  forty  applications  of  radium  bromide,  lasting  twenty  minutes 
each.  Twenty  milligrammes  of  radium  were  used.  The  pain  disap- 
peared, hemorrhage  ceased,  and  the  ulcer  began  to  heal.  Later  the 
growth  disappeared  and  the  ulcer  vanished. 

I  have  made  a  comparative  study  of  the  values  of  radium  and  the 
Eontgen  rays  on  a  series  of  epitheliomatous  cases.  Half  of  the  lesion 
was  covered  with  lead  when  exposing  to  the  X-rays,  and,  conversely,  when 
the  other  half  was  exposed  to  the  radium  emanations,  the  remaining  half 
of  the  face  was  shielded.     From  clinical  and  microscopic  observation  no 


Fio.  210.— Shober'8  Radiode.— This  radiode  is  especially  designed  to  facilitate  the  application  of 
radium  for  medical  purposes,  especially  in  coses  where  applications  are  made  in  the  smaller  cavities  of 
the  hody.  The  radium  is  contained  in  an  aluminium  capsule  shown  on  the  tip  of  the  radiode  at  "  F". 
This  capsule  is  attached  to  a  slender  rod.  To  prevent  the  capsule  and  radiode  becoming  fouled  in  use, 
a  glass  protecting  tube  or  shield,  with  one  end  closed,  is  made  to  fit  snugly  over  the  radiode,  as 
shown  in  Fig.  "  G".  The  radiode  can  then  be  inserted  in  a  cavity  without  danger  of  contamination  in 
any  way.  Instead  of  the  glass  protecting  tube  as  shown  in  cut "  G*',  we  can  supply  a  similiar  protecting 
tube  of  aluminium.  It  is  known  that  glass  has  the  effect  of  cutting  off  some  of  the  radium  rays,  and  for 
this  reason  some  operatora  prefer  to  encase  the  radiode  in  an  aluminium  protecting  tube.  A  lead-lined 
box  is  supplied,  as  shown  at  "  H"  in  cut,  for  containing  the  capsule  of  radiode  when  not  in  use,  thus 
protectlDg  the  operator.    (Courtesy  of  Williams,  Brown,  <&  Earlc. ) 

improvement  or  changes  were  evidenced  from  the  radium  therapy.  The 
results  from  the  use  of  the  X-rays  were  in  every  way  superior  and  gave 
good  practical  results.  Further  experiments  are  needed,  and  the  possi- 
bilities of  the  radium  are  promising.  In  this  country  Piffard,  William  J. 
Morton,  Dieffenbach,  Rollin  H.  Stevens,  and  many  others  report  favorable 
results  from  radium  therapy. 

*  Archives  of  the  Rontgen  Ray,  September,  1905. 

*  British  Journal  of  Dermatology,  December,  1904  ;  Treatment,  April,  1905. 
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Is  order  l«  gmap  Ihe  principles  iuvolved  in  tliu  stndy  of  phot 
therapy,  it  is  neo^ssiiry  to  nnderstanil  the  more  simple  elenieiitary  facts 
concerning  the  physics  of  light  and  the  epectmm. 

Regarding  the  nwtiire  of  light,  two  theories  have  been  advanced. 
Newton  asserted  that  luminous  bodies  emitted  iiilinttely  small  jmrticles 
in  parallel  lines,  which  prodaced  in  the  eye  the  seiiflation  of  Ughl, 
Hnyghena,  whose  view  now  generally  obtains,  formulated  the  theory  that 
light  is  produced  by  waves  or  nndnlations,  that  are  transmitted  with 
inconceivable  velocity  through  the  atmospherie  ether. 

All  light,  whether  natural,  m  that  from  the  sun  and  other  celestial 
bodie»<,  or  ai-tificial. — i.e.,  the  electric  spark  or  ordinary  flames. — is  of  a 


Fio.  Wl— St 
re  [)l  tbermal  Bcllon  ; 
1  a  maximum  at  ycllo' 


compound  nature.  If  a  ray  of  sunlight  be  sulfered  to  fall  upon  a  glass 
prism,  it  is  diverted  from  its  original  direction,  aud,  as  its  constituent 
colors  are  bent  unequally,  they  are  separated.  When  the  transmitted  light 
falls  upon  a  white  surface,  the  colors  become  visible,  the  tints  blending 
where  one  color  merges  into  another.  This  zone  of  blended  tinta  is  called 
the  spectrum.  The  colors  seen  are  violet,  indigo,  blue,  green,  yellow, 
orange,  and  red. 

According  to  the  undulatory  theory  of  light,  each  of  these  constitu- 
ent colors  has  its  own  rate  of  vibration.     Red  has  the  lowest  and  vio- 
let the  highest  rate  of  vibration ;  the  former  is  least  refracted  or  retarded  ; 
the  latter  undergoes  most  refraction  or  retardation.  Difierent  colors  have 
510 
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dififerent  wave  lengths,  diminishing  from  red  to  violet,  so  that  those  color 
rays  in  relation  to  the  violet  end  of  the  spectrum  are  designated  ^'rays 
of  lesser  wave  length,''  and  vice  versd. 

At  the  extremes  of  the  solar  spectrum  are  additional  rays.  Beyond 
the  red  rays  lie  the  infra-  or  ultra- red  rays ;  beyond  the  violet  are  found 
the  ultra-violet  rays. 

The  luminous  rays  of  the  sun  are  accompanied  by  others,  possessing 
heating  powers,  the  temperature  increasing  from  violet  to  red.  In  the 
spectrum  obtained  by  passing  sunlight  through  prisms  of  rock  salt,  the 
highest  temperature  is  manifested  at  a  position  far  beyond  the  extremest 
visible  red  rays.  From  these  facts,  it  is  inferred  that  the  great  thermal 
rays  of  the  solar  system  are  at  the  same  time  the  least  refrangible. 

Directly  opposed  to  the  heat- rays  are  the  so-called  chemical  or 
actinic  rays.  The  latter  rays  are  capable  of  effecting  both  chemical 
combinations  and  chemical  decompositions,  as  is  evidenced  in  the  black- 
ening and  decomposition  of  the  silver  salts  in  photography.  As  before 
intimated,  these  chemical  rays  lie  beyond  the  violet  end  of  the  spec- 
trum, and  are  the  rays  that  are  instrumental  in  effecting  dermatitic 
changes.     (Fig.  241.) 

The  Action  of  Light  on  Plants. 

Plants  cannot  exist  without  light.  Through  its  agency  they  extract 
COs  and  by  means  of  chlorophyll  assimilate  it.  Light  is  not  necessary 
for  the  germination  of  plants  and  seems  to  exert  a  retarding  effect  upon 
growth.  This  would  seem  to  account  for  the  varying  rate  of  growth  at 
different  hours  of  the  day.  Indeed  it  has  been  shown  that  all  light  rays 
except  the  red  and  ultra-red  retard  the  growth  of  plants,  and  that  the 
effect  is  most  pronounced  in  the  rays  that  suffer  most  refraction  in  the 
spectrum. 

''  Heliotropism ''  is  the  faculty,  possessed  by  many  parts  of  plants, 
of  turning  toward  and  away  from  the  direction  of  greatest  light.  Stems 
and  leaf-stalks  are  positively  heliotropic  (growing  toward  the  source  of 
light,  in  the  direction  of  the  light  rays),  while  roots  and  rhizomes  are,  as 
a  rule,  7iegatively  heliotropic. 

Action  of  Light  on  Bacteria. 

That  diffused  and  also  direct  light  can  destroy  the  bacteria  of  putre- 
faction was  first  enunciated  by  Downes  and  Blunt  in  1877.*  They  like- 
wise showed  that  the  effect  is  the  same  whether  the  bacteria  are  moistened 
or  dried,  that  the  presence  of  oxygen  is  requisite,  and  that  the  manner 
in  which  light  acts  in  these  experiments  is  not  to  be  sought  in  a  modifica- 
tion of  the  nutritive  basis.     These  data  are  now  accepted  by  all  scientists. 

'  Proceedings  of  the  Royal  Society  of  London,  Decemljer  6,  1877,  vol.  xxvi.  p.  488, 
and  December  19, 1878,  vol.  xxviii.  p.  199. 
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DieiiiloDne  observed,  in  a  series  of  most  elaborate  exi>eTiiuents.  that 
bacteria  wore  killed  in  thirty  minutes  by  direct  sniili^tit',  Id  six  honrs 
by  diffnsod  daylight,  in  eight  hours  by  the  Brush  light  of  900  nuidle- 
powcr.  and  in  eleven  hours  by  the  electric  incaadesceiit  lamp.  It  ia 
worthy  of  remark  that  very  many  observers  have  conclnsively  denion- 
stRited  Ihat  not  only  is  the  nutritive  bjisis  of  bacteria  unfavombly 
affected  by  light,  but  the  protoplasm  itself  sufleis  a  direct  injury  :  it  in 
in  this  way  that  street  dast  is  in  a  great  degree  disinfected  by  ita 
e.TiJOBure  to  the  direct  rays  of  the  sun. 

TuE  EFFF-r-r  op  Light  on  ANriiAus  and  3Ixn. 

It  is  a  recognized  fact  that  many  animals  can  develop  only  iu  the 
presence  of  light,  and  that  its  absence  causes  either  a  delay  or  a  complete 
suspension  of  development.  But  not  only  is  the  general  growth  atTected 
by  varying  the  supply  of  light,  but  also  the  development  of  individual 
organs  and  parts  of  oi^ns.  At  Finsen's  clinics  patients  and  nureea 
acquired  a  thicker  growth  of  hair  on  those  parls  constantly  exposed  to 
the  i>owerful  electric  rays. 

The  stiumlus  given  to  change  of  form  and  the  transformation  of 
energy  through  the  agency  of  light  is  indeed  remarkable.  It  is  well 
known  that  the  change  of  light  causes  change  of  form  in  the  cutaneous 
contracting  iiigment-cells  of  many  amphibians,  reptiles,  and  fishes. 

That  eiti.irj-  movement  i.s  I'egnlated  or  nio<lili(.>d  by  \aryinfi:  the  color 
of  the  light  employed,  is  asserted  by  L'skofF,  who  observed  that  the  epi- 
thelium of  the  oesophagus  is  equally  swift  in  red  and  violet  light,  but  is 
suspended  if  red  light  is  substituted  for  previously  acting  violet.  De 
Parville  claims  to  have  proved  that  the  red  end  of  the  spectrum  is  nerve 
irritating,  and  the  opposite  end  nerve  soothing.  On  the  higher  animals, 
light  produces  marke<:l  effects  on  the  cuticle.  Those  parts  constantly 
exposed  to  the  light  become  coarser  and  harder,  the  protoplasm  becoming 
reduced  to  keratine.  Indeed  Moeller'  demonstrated  that  light  produces 
a  hyperplasia  and  a  horning  process  of  the  skin.  Finseu  and  Moeller 
proved  by  experiment  that  skin  which  has  been  exposed  to  powerfal 
chemical  rays  (blue,  ultra-violet)  retains  for  a  long  time  (months  and 
years)  a  peculiar  tendency  to  react  quickly  (by  reddening)  to  mechanical, 
thermal,  and  chemical  stimuli. 

We  know  that  pigment  is  a  protective  to  the  skin  against  the  action 
of  the  light  rays.  Freund '  mentions  the  case  of  a  dark-complexioned 
man  whose  body  and  face  showed  the  presence  of  many  vitiligo  patches, 
who,  after  a  long  walk  over  the  Grossglockner  glacier,  developed  a  vio- 
lent erythema  iu  the  neighborhood  of  the  whit*  patches  on  the  fiice, 
but  in  these  regions  alone.     The  remainder  of  the  skin  was  unaffected. 

■  Der  Einfluss  i\e»  Lioht^s  a<if  iJie  Haut.  Bibliotli.  med.,  Stuttgart,  1900,  p.  18. 

"' Elements  ■•(  CJeneral  Kailiotherai'V,"  ji.  420. 
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Finsen  proved  that  acquired  pigmentation  may  also  have  protective  power 
against  the  injarious  action  of  light  rays.  He  painted  with  black  pig- 
ment a  ring  aroand  his  arm.  He  next  exposed  the  part  to  strong  sun- 
light for  three  hours.  After  a  time  the  skin  appeared  normal  save  at 
the  edge  of  the  painted  belt,  where  some  slight  erythema  was  noted.  A 
few  hours  subsequently  a  violent  erythematous  eruption  developed  in  the 
exposed  part,  but  the  painted  zone  appeared  unaltered.  Again  Finsen 
exposed  the  unpainted  part  to  the  sunlight ;  the  result  was  the  reverse, 
— L  e.,  the  white  zone  was  destined  to  suffer  an  erythematous  change, 
the  remaining  parts  undergoing  no  alteration.  Many  observers  have 
since  shown  that  mild  erythema  and  light  pigmentations  are  due  to  the 
ultra-  V  iolet  rays* 

Blood  absorbs  light  in  a  high  degree,  this  being  especially  true  of 
hsemoglobin.  Oxyhoemoglobin  gives  a  different  absorption  spectrum  from 
methsBmoglobin.  Quincke  *  showed  that  haemoglobin  gives  off  its  oxygen 
more  quickly  in  the  light  than  in  the  dark ;  hence  light  augments  the 
oxidizing  power  of  the  blood  and,  correspondingly,  the  processes  of 
oxidation  in  the  human  economy. 

Godnew*  found  that  persons  and  animals  to  whom  daylight  was 
accessible  excreted  more  urine,  urea,  and  chlorides  than  those  remaining 
in  the  dark. 

Therapeutic  Action  of  Light;  its  Use  among  the  A^x^IENT8. 

The  therapeutic  value  of  light  and  the  appreciation  of  its  virtues  are 
almost  as  old  as  civilization  it^lf.  Historical  records  show  that  light 
was  valued  as  a  remedial  agent  centuries  ago  in  China,  Mexico,  Japan, 
the  West  India  Islands,  etc.,  the  patients  being  subjected  to  sun-baths  for 
therapeutic  purposes,  and  others  placed  in  total  darkness  as  a  means  of 
punishment 

The  ancient  Greeks,  who  lived  in  flat- roofed  houses,  were  accustomed 
to  expose  their  entire  bodies,  after  anointing  them,  to  the  sun,  believing 
that  its  powerful  rays  acted  very  beneficently  in  bringing  about  and  main- 
taining both  health  and  beauty  of  the  body.  In  the  essays  of  Cicero  and 
Vestricius  we  learn  that  the  Romans  were  accustomed  to  sun-baths,  these 
being  frequently  followed  by  cold  spongas.  Solaria,  or  out-buildings  de- 
voted to  these  baths,  were  quite  common  before  the  fall  of  the  Eoman 
Empire.  Herodotus  recommended  sun-baths  for  those  who  were  feeble 
and  in  debilitated  health,  and  Antyllus  also  gave  elaborate  descriptions 
of  the  effects  of  the  sun's  rays  upon  the  human  body.  Not  only  was  the 
skin  treated  by  "  heliosis,''  but  also  such  diseases  as  jaundice,  nephritis, 
sciatica,  rheumatism,  nervous  and  mental  diseases.  During  the  Middle 
Ages  this  form  of  treatment  was  consigned  to  the  limbo  of  oblivion.     It 

» Pfluger's  Archiv,  1894,  vol.  Ivii.  p.  134. 

*  Zur.  Lehre  v.  d.  Einfluss  d.  Sonnenlichtes  auf  die  Thiere.  Kasanche  Dissert.,  1882. 
SS 
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was  (luring  t  lie  lUtli  century  that  the  parasiticidal  action  of  light  engrossed' 
the  attention  of  biicteriologists,  and  it  is  due  to  their  labors  thai  tlie 
hidden  secreta  of  light  have  been  seized  by  eager  experitnentalists  iu  the 
hope  of  di»oovering  a  reliable  therapeutic  agent. 

Tbeatuest  with  SuNLinuT. 

Sunlight  is  the  most  natural  source  of  light,  but  its  use  depentibs  on 
the  weather,  aud  upon  other  circumstances  which  aCTect  the  chemiml 
intensity  as  well  as  the  optical  brightness.  Long  ago  it  was  indisputably 
shown  that  the  chemical  intensity  of  light  does  not  coincide  with  optical 
brightnem.  The  chemical  light- intensity  of  the  sun's  rays  varies  with 
the  sun's  height  in  the  heavens.  In  the  snmmer  the  chemical  action  of 
the  sun  and  the  bine  light  of  the  sky  is  far  grejiter  thau  during  the  winter 
season.  The  extent  to  which  the  air  absorbs  light  varies  with  the  amount 
of  vapor,  carbonic  acid,  and  suspended  dust  in  the  atmosphere. 

The  chemical  intensity  of  sunshine  increases  proportionately  wilh  a 
decrease  in  the  atmospheric  pressure.  Thus,  Tiniony  found  that  the 
ultra-violet  end  of  the  solar  Bi>eetrnm  extended  much  further  toward  ILc 
more  strongly  refrangible  end  at  a  height  of  f{500  meters  than  on  tho  level 
of  a  table-land. 

Ordinary  sunlight  is  used  as  a  lemedial  agent  in  the  form  of  baths. 
Tho  following  is  the  modiut  op<'raadi :  Place  the  patient  ou  a  rug,  ele- 
vate the  head,  and  jirotAK't  liini  from  tho  witiii.  in  a  vrranda  entirely  open 
to  the  south.  Shield  the  eyes  with  dark  glasses.  The  bath  is  best  taken 
during  the  warm  season.  The  first  bath  occupies  a  duration  of  fifteen 
minutes,  which  may  be  subsequently  lengthened.  During  the  bath  the 
position  is  changed  at  intervals  so  that  different  parts  of  the  body  may 
be  exposed  to  the  light.  Maintain  these  positions  until  violent  perapira- 
tion  occurs  on  these  parts.  This  is  to  be  followed  by  the  usual  water 
bath  (70°  to  80"  F,),  Have  the  patient  massaged,  and  advise  him  to 
i  thereafter. 


Treatment  with  the  Incandescent  Light. 

The  IneandesceDt  electric  light  is  poor  in  violet  and  blue  rays,  and 
rich  in  yellow,  red.  and  green.  Its  chemical  action  is,  therefore,  slight, 
but  this,  as  well  as  its  brightness,  may  be  materially  increased  by 
strengthening  the  current.  By  this  augmentation  wo  not  only  affect  the 
optical  brightu&ss,  but  also  its  blue  aud  violet  rays.  Of  normal  power, 
380  incandescent  lamps  have  the  same  chemical  effect  as  natural  li^t  at 
a  distance  of  one  metre.  This  form  of  treatment  is  of  paramount  value 
where  the  longer- wave  rays  are  to  be  applied. 

The  modern  incandesceut  baths  are  made  for  connection  with  the 
street  electric  wires.  They  consist  of  octagonal  boxes  supplied  with  panes 
of  mirrors,  with  a  movable  lid  above,  for  the  patient's  neck.    (Fig.  242.) 
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Forty  to  sixty  ]anix)s,  of  16  candle-power  each,  line  the  inner  walls,  and 
are  so  arranged  that  they  can  be  put  in,  or  withdrawn  from  within  or 
without,  by  means  of  several  switches  in  series,  along  vertical,  horizontal, 
or  spiral  lines.  The  lamx>s  are  protected  by  a  lattice  work.  A  thermom- 
eter for  measuring  the  inside  temperature  is  fixed  on  the  wall.  A  win- 
dow is  sometimes  made  in  the  wall  of  the  chamber,  through  which  the 
pulse  and  the  course  of  the  perspiration  may  be  observed. 

The  x>atient  is  divested  of  his  clothing  and  placed  on  a  stool  in  the 
cabinet.  All  external  light  is  excluded  by  a  towel  placed  around  the 
neck  opening.  An  ice-cap  is  applied  to  the  head.  Begin  the  bath  at  a 
temperature  of  110®  F.,  and,  if  the  patient  reacts,  gradually  raise  it  to 
155®  or  165®  F.  The  bath  should  be  of  a  half-hour's  duration.  Increase 
the  temperature  by  increasing  the  number  of  lamps,  and  also  the 
strength  of  the  current.  Observe  the  pulse  carefully,  and  after  the  light- 
bath  employ  the  ordinary  water  bath  or  douche.  The  incandescent  bath 
acts  beneficially  by  radiating  heat.  In  this  way  heat  can  be  made  to 
affect  the  deeper  structures,  and  is  more  advantageous  than  the  Turkish 
or  Bnssian  baths,  which  at  best  only  exert  an  influence  on  the  surface  of 
the  body.  The  most  striking  effect  of  this  treatment  is  its  action  on  the 
secretion  of  sweat,  probably  due  to  stimulation  of  the  peripheral  nerve 
endings,  or  by  an  elevation  of  the  patient's  temperature,  or  by  a  com- 
bination of  both  these  factors.  The  incandescent  electric  light  is  of 
great  value  in  muscular  rheumatism,  in  the  various  forms  of  anaemia, 
in  arterio-sclerosis,  in  valvular  heart  disease,  in  neurasthenia,  migraine, 
tnbercnlosis,  etc. 

Treatment  with  the  Concentrated  Arc  Light. 

Actinotherapy,  or  the  treatment  of  disease  by  the  application  of 
lights  was  inaugurated  by  Finsen.  Triumphant  over  the  intense  resist- 
ance that  greeted  his  earlier  efforts,  the  world  to-day  rings  with  his 
praises. 

Sunlight  is  undoubtedly  the  best  source  of  light,  but,  as  it  is  not 
always  available,  it  is  necessary  to  have  recourse  to  artificial  illumina- 
tion, especially  to  electric  light.  It  is  better  to  use  the  voltaic  arc,  for 
the  light  given  by  incandescent  lamps  contains  too  few  chemical  rays. 

Finsen's  method  (Fig.  243)  consists  in  concentrating  actinic  light, 
through  rock-crystal  lenses,  on  any  desired  part,  rendered  as  exsanguine 
as  i)OSsible  by  means  of  pressure,  because  the  presence  of  blood  acts  as  a 
barrier  to  the  passage  of  the  chemical  rays  to  the  tissues. 

When  the  voltaic  arc  is  used,  60  to  80  amperes  of  current  are 
employed.  The  apparatus  consists  of  the  light,  the  cooling  apparatus, 
and  the  light-concentrating  apparatus.  From  the  source  of  light  there 
radiate  four  telescopes,  for  the  four  patients.  The  active  rays  are  ob- 
structed to  a  very  slight  degree  by  the  lenses  of  rock  crystal.     The  space 
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between  the  lenses  is  filled  with  water  to  moderate  tlie  temperature,  anrf 
a  surrounding  water-jacket  still  further  accomplishes  this  purpose.  As 
the  rays  from  this  artificial  light  are  divergeut,  the  lenses  are  so  arranged 
OR  to  make  them  convei^.  The  rays  are  brought  to  a  focus  by  a  wat^r- 
cooled  lena,  held  by  the  assistant',  who  presses  the  latter  firmly  on  the  part 
to  be  treated. 

The  applications  are  of  about  one  hour's  duration,  and  rein?»tcd 
daily.  A  few  hours  alter  treatment,  erytbemiti  with  some  t«ndernc>»i  is 
often  manifested,  but  there  is  no  actual  pain. 

The  reaction  varies  in  different  cases,  but  it  is  always  seen  in  lupus 
Ttilgaris,  [terhaps  uever  in  lupus  erythematosus.  Following  a  few 
appliciitions,  most  remarkable  improvement 
fretjnently  resalts.  Twenty  or  twenty-five 
applications  should  always  be  given  ;  after 
which  the  skin  will  usually  present  »  soft, 
pliable,  si-arless  condition,  save  where  destruc- 
tion of  tissne  is  markeil  by  the  earlier  ravage.s 
of  th«  disease. 

THK    DKltMO   OK    IHUX     liLEiTBOUK    LaUP. — 

(Fig.  244.J 

Ab  the  chemical  cwmpositiou  of  the  mate- 
rial compiling  the  electrode  defines  the  quan- 
tity  of  the  ultra-violet  rays,  experiinentei-s 
have  lieen  on  the  alert  to  turn  this  principle 
to  advantage.  Although  many  electricians 
battled  with  the  problem  only  to  find  disap- 
pointment the  price  of  endeavor,  it  remained 
for  Bang,  of  the  Fiiisen  Institute  of  Copen- 
hagen, to  successfully  construct  a  lamp  with 
metallic  electrodes  suitable  for  phototherapy. 
By  iisinn;  iron  okrtn.iics.  aitd  t.-mpcriiig  their 
heat  by  watj;r- circulation,  a  lamp  la  produced 
that  yields  a  maximum  of  chemical  rays  with 
a  minimum  production  of  beat.     This  lamp 

is  only  adapted  for  the  treatment  of  superficial  skin  diseases,  as  the  rays 

are  not  penetrative  but  diffusible  in  character. 

The  Coopek-Hewitt  Mebcuky-Vapob  IjA.up. 

Worthy  of  mention  is  the  Cooper-Hewitt  lamp,'  described  by 
Maurice  Lebhmc,  and  which  briefly  is  as  follows : 

The  lamp  in  its  simplest  form  consists  of  a  glass  tube  about  70  cm. 

'  Le  Radiam,  Paris,  June,  1905. 
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loug  and  aboat  3  cm.  in  diameter.  One  end,  the  upper,  is  enlarged  into 
a  bulb,  and  contains  a  cup-sbaped  iron  electrode  which  becomes  the  anode 
of  the  device.  A  small  amount  of  mercury  at  the  lower  end  is  the 
cathode.  In  series  with  the  lamp  and  connected  at  the  anode  end  are  a 
resistance  and  an  adjustable  self-reductor. 

The  well-known  greenish  color  of  the  light  given  by  mercury  vapor 
when  glowing  under  an  electric  discharge  is  spoken  of  by  Leblanc.  He 
also  mentions  some  exx>eriments  of  de  Eecklinghausen  in  mixing  some 
other  gases,  such  as  argon  and  helium,  with  the  contents  of  the  tube. 
These  were  conducted  with  a  view  to  correcting  this  serious  defect,  but  as 
yet  have  not  been  successful. 

This  lack  of  red  is  not  entirely  without  advantage  in  some  situa- 
tions, however.  The  Hewitt  light  has  been  found  admirable  for  its  non- 
excitable  character,  and  it  is  also  excellent  for  photographic  purposes. 

As  glass  absorbs  ultra-violet  rays,  lamps  have  been  made  of  quartz 
for  special  use  in  phototherapy  in  the  treatment  of  lupus. , 

Most  normal  lamps  take  from  3  to  5  amperes  of  current,  and  have  an 
efficiency  of  about  0.45  watt  per  candle-power.  Several  special  forms  of 
bulbs  have  been  devised. 

The  Finsen  or  Red  Light  Treatment  of  Smallpox. 

To  Niels  Finsen  (Fig.  245),  more  than  any  one  else,  the  civilized 
world  owes  a  debt  of  gratitude  for  his  untiring  industry  and  indefatigable 
research  in  bringing  the  subject  of  the  therapeutic  action  of  light  to  the 
notice  of  the  medical  profession,  and  for  having  established  his  teachings 
upon  a  rational  basis.  So  profound  an  impression  did  he  make  upon  the 
minds  of  scientists  that,  in  1896,  the  government  of  Denmark  founded  a 
public  institution  for  the  purpose  of  carrying  out  the  principles  of  photo- 
therapy, and  especially  for  the  treatment  of  lupus  and  other  cutaneous 
affections  through  the  agency  of  concentrated  chemical  light. 

From  1893  until  almost  the  very  day  of  his  death,  Finsen  had  been 
busily  engrossed  in  the  study  and  action  of  light  treatment,  but  it  is  his 
labor  to  prevent  the  pitting  from  variola  by  excluding  all  but  the  red 
light  that  has  won  him  deserved  renown. 

From  his  experiments  at  Copenhagen,  he  was  able  to  prove  that  the 
blue,  indigo,  violet,  and  ultra-violet  rays  of  the  solar  spectrum  are  the 
ones,  and  the  only  ones,  that  produce  chemical  effects  upon  animal 
tissues. 

As  Hat  back  as  the  sixteenth  century,  it  was  empirically  recognized 
that  the  pitting  from  smallpox  could  be  obviated  by  shading  the  doors 
and  windows  of  the  room  with  curtains  of  red  material.  Indeed,  the  use 
of  this  color  fabric  was  first  suggested  by  John  of  Gadesden  in  the  four- 
teenth century,  of  whom  Gr^ory  remarked,  ^' What  think  ye  of  a  man, 
a  prince,  of  royal  blood  of  England  (John,   the  son  of  Edward  the 
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Second),  being  treated  fwr  smallpox  by  being  put  into  a  bed  sui-roanded 
with  red  hangings,  covered  with  red  blankets  and  a  red  counterpane, 
gargling  his  tliroat  wilti  tho  wine  of  the  niulberrv,  and  sucking  the  red 
juic»of  the  pomegranates  T  Yet  this  be  the  boasted  prescription  of  John 
of  Gadefldeu,  who  took  credit  of  no  meanness  to  himself  for  bringing  liis 
niyal  patient  safely  through  the  disease." 

In  1S67  Black  had  pnblislicd  in  the  London  ^'Lancet"  an  essay  on 
the  peculiar  influence  of  light  in  smallpox,  asserting  that  the  complete 
exclusion  of  light,  in  spite  of  the  fact  that  the  patient  had  not  been  pre- 
viously vaccinated,  effectually  prevented  pitting  of  the  face.  In  1871 
Waters  pnblished  in  the  same  journal  a  declaration  that  the  severity 
of  a  case  of  variola  was  markedly  modifietl  by  the  exclusion  of  ordinary 
daylight. 

In  the  same  ytm;  Barlow  stated  that  ho  was  able  to  distinguish  a  pro- 
nounced contrast  in  the  two  sides  of  a  patient's  face,  one  half  of  which 
ha<l  been  covered  with  colored  gelatin  to  exclude  all  actinic  rays,  while 
the  opposite  half  of  the  face  was  allowed  to  remain  exposed  to  the 
inflneuce  of  these  rays. 

Finwn,  a  poor  and  obscure  medical  instructor  in  a  little  Danish 
town,  devoted  his  spare  moments  to  experiments  and  observiitions  upon 
light,  with  a  hope  of  pi-eventing  the  ugly  disfigurement  of  smallpox. 
What  he  aimed  to  ascertain  was  the  physiological  effect  of  light  on 
animal  and  vegetable  tissues.  As  the  result  of  the  experiments  he  sooa 
arrive<I  at  very  important  conclusions  so  far  as  the  influence  of  light  wa« 
concerned  in  the  eruptive  diseases,  and  uotably  so  in  smallpox.  By 
simple  reasoning  lie  readied  his  iii'st  great  discovery.  Hi;  oUservrd, 
when  earthworms  were  placed  in  an  oblong  box  covered  half  with  red 
glass  and  half  with  blue  glass,  that  they  would  invariably  crawl  away 
from  the  blue  light,  seeking  shelter  under  the  red  light.  In  the  light  cast 
by  the  blue  glass  they  were  intensely  active,  restless,  and  ill  at  ease  ;  in 
the  red  light  they  lay  quiet,  apparently  perfectly  contented. 

With  a  chameleon  he  conducted  a  peculiar  experiment.  He  placed 
iiie  little  reptile  in  such  a  position  that  one  half  of  its  body  was  under 
the  light  cast  by  blue  glass  and  the  other  half  in  that  cast  by  red.  He 
noted  that  the  parts  of  the  animal's  botly  covered  by  blue  light  turned 
almost  black,  while  the  half  covered  by  the  red  light  presented  an 
almost  white  color.  From  this  he  concluded  that  the  creature  had  in  its 
integument  movable  pigment-cells  which  acted  as  a  barrier  against  the 
blue  light. 

^V^lilst  in  the  midst  of  his  experiments  and  researches  Finseu  wan- 
dered one  day  into  a  medical  library  in  Copenhagen,  where  an  article  of 
Dr.  Pitcoe,  published  in  1832,  attracted  his  attention.  In  this  pamphlet 
it  was  mentioned  that  during  an  epidemic  of  smallpox  among  soldiers, 
those  confined  in  dungeons  suffered  from  the  disease  less  severely,  and 
8  occurred  withotit  any  attempt  at  suppuration  and  consequent 
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scarring.  Finsen  grasped  its  meaning.  ^^  Bed  light  contains  no  actinic 
rays,'^  Le  reasoned  ;  '^  why  not  use  red  glass  in  the  windows!"  this  being 
physiologically  the  same  as  darkness.  Thus,  he  suggested,  the  windows 
of  the  wards  or  rooms  in  the  hospitals  inhabited  by  sufferers  from 
smallpox  should  have  the  white  panes  removed  and  replaced  by  dark- 
ruby  glass  panes.  Personally  he  had  never  seen  a  case  of  smallpox,  but 
he  based  his  reasoning  on  theoretical  grounds. 

In  1893,  the  first  trial  of  this  therapeutic  agent  was  made  at  Bergen, 
in  Norway,  by  Dr.  Lindholm,  chief  physician  of  the  military  service, 
and  by  Dr.  Svendsen.  Eight  cases,  four  of  them  being  of  a  severe  type 
in  children  who  had  never  been  vaccinated,  were  treated,  the  results  being 
a  triumph  for  Dr.  Finsen.  Dr.  Svendsen  remarked,  *'  The  period  of  sup- 
puration, the  most  dangerous  and  most  painful  stage  of  the  disease,  did 
not  appear ;  there  was  no  elevation  of  temperature  and  no  oedema.  The 
patients  entered  the  stage  of  convalescence  immediately  after  the  stage  of 
vaccination,  which  seemed  a  little  prolonged.  The  hideous  scars  were 
avoided." 

Control  tests  showed  that  small  i>ox  cases  exposed  to  daylight  after 
beginning  the  red-light  treatment  invariably  suffered  suppuration  and 
scarring,  only  a  trifle  of  daylight  sufficing  to  do  harm,  the  irritated 
integument  being  almost  as  sensitive  to  the  actinic  rays  as  a  photo- 
graphic plate.  A  clear  red  light  of  such  intensity  as  to  i)ermit  the 
patient  to  read  in  the  room  is  sufficient  in  ordinary  cases.  If  the  case  be 
a  very  severe  one,  it  is  necessary  to  employ  a  red  light  of  deeper  or 
darker  api)earance. 

The  treatment  of  smallpox  by  the  exclusion  of  the  chemical  rays  of 
the  sun  has  now  been  tried  by  a  number  of  physicians,  chiefly  in  Den- 
mark, Sweden,  and  Norway.  Practically  all  of  these  men  have  been 
favorably  impressed  with  the  results. 

Mygind  (Denmark)  treated  22  cases  (variola  12,  varioloid  10) ;  one 
died,  the  remainder  upon  leaving  the  hospital  had  hypertemic  spots  only. 

Abel  (Bergen,  Norway)  had  23  cases,  8  of  them  very  severe.  One 
case,  admitted  very  late,  terminated  in  recovery,  but  with  suppuration. 
In  the  others  there  was  no  suppuration  and  no  scarring. 

Backman  (Fever  Hospital  at  Koliikomaki)  treated  62  serious  cases, 
with  7  deaths ;  the  remaining  55  recovered  without  scars. 

Feilberg  (Copenhagen)  used  the  method  in  11  cases.  There  was  no 
secondary  fever  and  no  pitting.  Pigmented  or  hypersBmic  spots  were 
present. 

Strangard  (Denmark)  had  4  cases ;  all  recovered  with  no  pitting. 

Benckert  (Gothenberg,  Sweden)  treated  16  cases  (5  were  varioloid 
and  11  were  variola) ;  3  died ;  one  of  the  deaths  was  due  to  suppura- 
tion. Benckert  remarks,  "Suppuration  is  usually  abolished,  scars  are 
extremely  rare,  and  the  duration  of  the  disease  is  shorter." 

Finsen,  in  summing  up  these  cases,  says  that  out  of  a  total  of  140  to 
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150  cofux  of  samllpox.  iu  one  case  only  (that  of  I>r.  lienckcrt)  iran  tlrti" 
method  inetB carious. 

The  Cdiiditiong  /or  SaertM  hij  Fiitaeii'H  Method, — Two  conditions  are 
absoliilely  inflisiienaal>l«  to  obtain  good  results : 

1.  The  patient  should  bo  jiliiced  iind«r  treutnient  mJl^eu'iitly  inirly. 
"When  the  patient  ooiiies  nnder  treatment  early  enough."  Finseu 
asserted,  '•l)efore  the  fourth  or  fifth  day  of  the  disease,  suppuration  of 
the  vesicles,  even  iu  unvacciualed  i>ersons  and  in  uises  of  confluent 
smallpox,  will  be  avoided.  Should  (he  patient  come  under  tittatiuent 
after  the  fifth  day  of  the  disease,  it  is  uneertaiu  whether  snppunitioii  can 
be  avoided.     Sometimes  this  is  the  case,  sometimes  uot.^' 

2.  "The  chemical  rays  of  daylight  should  bo  absolutely  sl">t  ou'- 
The  efficiency  of  the  method  io  so  certain  that,  in  eiu>e  eupjiuraliou  uhould 
occur  iu  a  patient  who  ha«  b«*n  placed  under  the  treatment  in  proper 
time,  the  first  thing  to  be  thought  of  is  that,  from  want  of  care  either  on 
the  part  of  the  patient  or  of  the  nurse,  daylight  may  have  penetrated. 
Tlierefore,  before  the  method  can  justly  bo  declared  a  failure,  the 
thoroughness  with  which  it  is  carried  out  should  be  tested  by  exposing 
photographic  plates  or  sensitized  paper  as  a  means  of  control  in  different 
places  in  the  sick-room.  If  these  photographic  plates  show  the  influence 
of  the  white  light,  the  teehnic  of  the  treatment  has  been  imperfect.  A 
few  of  those  who  have  applied  the  method  have  at  the  same  time  treated 
the  patient  by  other  remedies  as  well,  finch  a  course  is  objectionable  for 
scientific  purposes,  as  it  is  then  impossible  to  decide  which  agency  is 
responsible  for  the  results.  In  order  to  give  the  experiments  decisive 
scientific  value,  they  should  be  carried  out  under  strict  control,  and  the 
patient  placed  under  the  treatment  in  proper  time." 

Blue  Light. 

Before  closing,  I  wish  to  allude  to  the  therapeutic  ose  of  bine  and 
ultra-violet  light.  The  sutrjcct  is  evidently  still  in  ita  in&ncy,  and  mncb 
may  be  expected  from  the  successes  that  are  said  to  have  followed  its 
employment.  Already  there  are  many  authorities  who  extol  the  efKcacy 
of  the  concentrated  actinic  rays  iu  the  treatment  of  chronic  ulcers, 
lupus,  and  other  destructive  cutaneous  lesions. 

Blue  Light  as  an  Aiuesthetic. — Within  receut  years  it  has  been  fonnd 
feasible  to  employ  the  visible  chemical  frequencies  of  the  spectrum,  by 
the  use  of  screens  of  blue  glass.  This  glass  acts  as  a  barrier  to  the  pas- 
sive of  the  frequencies  of  the  ultra-violet  portion  of  the  spectrum,  and 
shields  from  the  frequencies  beyond  the  blue  or  the  yellow,  the  green  and 
red  frequencies. 

Minin,  of  St.  Petersburg,'  believes  that  the  visible  chemical  frequen- 
cies of  the  spectrum  from  the  blue  to  the  ultra-violet^  by  acting  on  the 

'  Journal  of  Phyeicait  Therspeutics,  Jonuftry  16, 190?. 
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vasomotor  nerves,  are  sedative  and  analgesic  in  nature.  He  asserts  that 
the  most  beneficial  results  are  to  be  found  when  the  source  of  light 
is  at  a  considerable  distance  from  the  area  to  be  treated,  thus  refut- 
ing the  hypothesis  that  the  action  produced  is  dependent  upon  residual 
thermal  energy.  Minin's  view  now  generally  obtains,  that  by  the  agency 
of  isolated  visible  frequencies,  constriction  of  the  vessels  and  pronounced 
ansesthesia  result ;  while  white  light  effects  directly  opposite  results. 

Mr.  H.  Hilliard,  anaesthetist  at  the  London  Hospital,  has  used  blue 
light  as  an  anaesthetic  *  after  M.  Redard's  method.*  He  says :  **  Following 
M.  Redard's  plan,  I  have  out  of  a  total  of  thirty- two  cases  had  twenty 
absolutely  successful  results,  eight  failures,  and  four  cases  in  which  the 
patients  stated  that  they  felt  pain,  and  yet  showed  no  sign  of  doing  so 
beyond  *  screwing  up'  their  eyes  during  the  operation.  Most  of  the 
failures  can,  I  think,  be  explained  on  the  grounds  that  the  patients  were 
highly  nervous,  that  they  had  while  waiting  their  turn  been  told  by  others 
that  some  new  experiment  was  being  tried,  and  that  they  did  not  carry 
out  my  directions  and  keep  their  eyes  fixed  upon  the  light.  The 
remainder  may  be  explained,  perhaps,  by  the  fact  that  a  different  reflector 
was  used,  whereby  the  rays  were  not  concentrated  upon  the  patient's 
eyes,  but  were  more  widely  diffused. 

'*In  addition  to  the  evidence  advanced  by  M.  Redard  against  the 
view  that  the  influence  of  the  light  is  hypnotic,  I  do  not  believe  that  so 
large  a  percentage  of  ordinary  persons  are  so  easily  hypnotized,  and  I 
find  that  the  results  vary  with  the  technic.  I  do  not  agree  with  M. 
Redard  in  the  opinion  that  a  general  anaesthetic  effect  is  produced,  for  I 
have  found  that,  although  sensation  in  the  extremities  is  temporarily  im- 
paired, yet  there  is  no  real  analgesia,  this  apparently  only  existing  over 
the  area  of  distribution  of  the  cranial  nerves. 

*'In  all  the  successful  cases  dilatation  of  the  pupils  was  observed, 
and  in  two  or  three,  the  eyes  became  fixed  and  the  lids  drooped,  the  pa- 
tient developing  a  somnolent  condition  ;  but  in  those  instances  in  which 
the  patient  moves  his  eyes  constantly  and  blinks,  the  pupils  will  not 
dilate,  and  no  analgesic  effect  should  be  expected.  " 

*  British  Medical  Journal,  July,  1905. 

*  Lancet,  May  12,  1905. 
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TBCMNIC  OF  BiOiST&ES  BAT 


:  I  [A : 


Doanwi  the  pnjptamikm  of  the  pragrot  Tofame^I  conceifd  lite  idaa  of  adJiMi 
ing  letters  to  Bonie  of  the  better  known  ROotgen  thmpiete,  eaking  lliet  thegr  euprtr 
the  data  of  their  technic  on  the  blank  enoloeed  for  that  piirpoee. 

I  was  gratified  by  the  oordial  re^tionees  that  mj  eomnmniflatibne  eUeited,  aad 
interested  in  the  widely  divergent  c^nione,  that  have  their  adtberente  in  tUi 
country  and  abroad. 

The  statements  offered,  in  several  instanees,  were  so  eonprehMiilvie  that  qpaes 
was  lacking  to  record  the  data.  In  those  casesi  an  asterisk  (*)  haft  been'piaeed, 
referring  the  reader  to  a  detailed  eacplanatlon  hi  the  addendtmi. 

The  foOowing  abbreviations  have  been  eoqilayed,  whidi,  like  the  tahiihitiwi 
itself  and  the  addendum,  are  anaaged  in  alphabetieal  order. 


ooiia. 

A4I.— App».K«w«on. 

G.>-GUdirafi. 


K.  *  K.>-S«iligr  nd  XoaM. 
]L>»Stefaid«. 
L.->LMdiL 
L.  A  N.«Lw(U  and  Northnip. 
Q.=Queen. 
R.,  G.  &  S.=Remiger,  Gebbert  and  Scball. 
Ruhin.=Ruhinkorff. 
R. )     Rdntgen. 


•I  J 


R.  MTg.  Co.  i     Rdntgen  Manufacturing  Co. 
Sch.=Scheidel. 
Sn.=Snook. 
W.  &  B.=Wait6  and  Bartlett. 
Will.=WiUyoung. 


INTERRUPTERS. 

D.=David»on. 
Gai.=Gaiffe. 
K.^Kinraide. 
R.=R5ntgen. 
W.=Wehnelt. 


STATIC  MACHINES. 

CoIumb.=Columbia. 

V  *  T  —  /  ^•'*  Houten  and 
^•*  *•     (     T«  Broedc. 
Wa«."Wacner. 
W.  A  B.«=Waite  and  Bartlett. 


VACUUM  TUBES. 

F . =F  riedlander . 
G.  &  B.=Green  and  Bauer. 

G.=Gundelach. 
M.  &  W.=MacaIaster  and  Wiggin. 
Mach.— Bfachlett. 
Mon.=:Monell. 
M.=MQller. 
Q.= Queen. 
W.  &  B.=Waite  and  Bartlett. 
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ADDENDUM   TO  THE  SYNOPSES  ON  TECHNIC  IN   EONTGEN 

RAY   THERAPY 

Baetjer,  F.  H.  He  uses  20  volts,  ten  amperes  on  two  small  coils ;  110  volts 
direct  current.  He  employs  di£ferent  makes  of  coils :  Heinle  20-inch,  Queen  9-inch, 
and  Biddle  9-  and  18-inch,  respectively.  He  uses  a  hammerless  interrupter  on  each 
9-inch  coil ;  the  Wehnelt  on  the  18- inch.  Vacuum  tubes  include :  Queen,  Heinze. 
Swett  and  Lewis,  Muller,  etc.  He  employs  large  (110  v.)  and  small  (20  v.)  coils  :  and 
believes  that  an  erythema  is  necessary  in  all  cases,  except  those  of  very  superficial  skin 
lesions. 

Barnum,  O.  Shepard.  Barnum  uses  his  own  penetrameter,  and  remarks  that 
his  average  length  of  treatment  is  entirely  too  variable  to  state.  He  protects  the 
healthy  part  by  placing  a  shield  around  the  tube  and  lead-foil  on  the  patient. 

Breneman,  Park  P.  Breneman  varies  the  frequencies  of  his  irradiations,  giving 
treatments  twice  or  thrice  weekly  and  then  again  only  three  times  every  two  weeks. 

Caldwell,  E.  W.  Ten-inch  coil  of  his  own  design,  rotary  mechanical  break,  20 
breaks  per  second  ;  "  break  "  lasts  ^  second  and  the  make  "  ^.  Uses  the  alumin- 
ium screen  for  deep  parts.  For  lupus,  low  penetration  and  no  screen.  He  writes : 
"  I  use  any  old  tub«  that  is  not  good  enough  for  radiographic  work  or  that  needs 
seasoning  for  that  purpose."  He  declares  that  the  static  machine,  for  X-ray  work,  is 
useless. 

Dunham,  Kennon.  He  believes  that  a  French  tube  is  best ;  he  also  employs  the 
Friedlander  and  the  Gundelach.  He  has  not  found  self-regulating  tubes  valuable, 
unless  personally  regulated.  He  savs  that  the  distance  of  the  anode  from  the  patient's 
skin  varies,  because  he  brings  the  glass  to  within  one  inch  of  the  cutaneous  surface. 
His  voltage  (primary)  is  40  to  90,  with  load  ;  115,  without  load ;  and  he  has  the  anode 
red  hot  (usually),  before  treatment  is  finished.  He  regards  the  spintermeter  and 
penetrameter  as  inaccurate,  so  that  he  prefers  a  new  method.  He  protects  the  parts 
very  carefully,  but  not  close  to  the  lesion.  An  erythema,  he  asserts,  is  necessary  in 
lupus,  mycosis  fungoides,  epithelioma,  etc.  He  often  gives  daily  treatment ;  at  other 
times  only  once  in  two  weeks. 

Franklin,  Milton  W.  He  estimates  the  desree  of  vacuum  of  the  tube  by  both 
the  spintermeter  and  the  penetrameter  ;  preferring  liolzknecht's  method  of  standard- 
ization of  the  electroscope  and  the  Franklin  electroscope  for  eeneral  use.  It  is  his 
practice  to  cover  everything  with  lead  except  the  lesion.  The  best  indication  to 
cease  the  treatment  is  the  presence  of  any  inflammatory  sign  on  the  healthy  skin  ;  his 
only  other  rule  is,  when  excessive  sloughing  occurs  on  an  open  lesion. 

Freund,  Leopold.  For  superficial  lesions,  a  soft  tube  (Wehnelt-skiameter), 
5-12  cm. ;  for  subcutaneous  and  deep-seated  lesions,  a  hard  tube  (Wehnelt-skiameter), 
10-15  cm.    In  treating  the  more  deeply  seated  affections,  Freund  lb  guided  by  the 

Seen-blue  light  of  the  tube ;  in  superficial  affections,  by  a  deep  yellow  fluorescence, 
e  emphasizes  the  question  of  individuality,  idiosyncrasy,  etc.,  and  advocates  repeated 
small  doses  until  slight  reaction— t.^.,  swelling,  redness,  pigmentation,  etc. — ensues. 
He  protects  the  patient  with  lead-foil  or  mercurial  plaster  and  urges  the  operator  to 
seek  his  own  protection  in  a  lead  apron,  spectacles,  etc.  He  believes  that  treatment 
should  temporarily  cease  when  inflammatory  signs,  with  pigmentation,  epilation,  and 
subjective  symptoms  are  evidenced.  He  formerly  condemned  the  employment  of 
Liquor  Burowii  as  being  an  irritant  in  acut«  cases,*  but  recently  he  aavocates  the 
treatment,  which  I  have  appended,  in  his  technic. 

Gibson,  J.  D.  Gibson  brings  the  anode  close  to  the  affected  area  in  cutaneous 
lesions,  and  as  distant  as  18  incnes  for  deep-seated  influence.  Amperage  for  deep 
penetration.  5  to  10,  superficial,  1  to  2.  For  pulmonary  cases,  he  employs  a  quantity 
of  rays  equivalent  to  that  required  to  take  a  skiagraph  in  from  30  to  60  seconds.     He 

*  Elements  of  General  Radiotherapy,  by  I^eopold  Freund.  trau8lated  by  G.  H.  Lancashire.  1904, 
p.  348. 


,1  by  the  fluoroscope    and   spark-gap.     He   wasea   IreatM! 

_B  of  Kn  ervUieina  or  an  elevation  of  i^mpersture.       lie  approve?   of  the 

B  o(«>  eiyliieina  in  malignftitl  and  BuperGcial  affei-lions. 


Uis   i 


HAUbSBWASJM,  J.  Bm  DMi  Qmntma  mod  Fre 
finds  lh»  noiMifaktiBg  bait  for  ndkfnfbf,  Un  » 
OMi  all  tidiw,  no  amnK  iriMt  tb*  TMuum,  kt  fr 


„__._, . matat,  ito.,  for  utptj 

badtl?  parti  br  phaUr  Ot  Futi  ma^  ud  > 
B»  writM  m»  that  in  all  taii  varied 


Ohm-PM 
faaUMn 


._...  __  ,a.P.  Current  of  230  volla  from  the  street  : 
For  hoqittal  un  a  12-iaeh  Biddle  coil  and  a  10-inch  Leslio  Milli 
Indi  (QndwldL)  mercury  dip  aod  a   12-incb  Ap{M  coil.     Ho 

■UMsnllia  to  hta  coil  and  tube,  from  300  mechanical  to  3000  eleclrolrtic,  iie  rm- 
nlofaa  iraltaga  of  220  eut  down  by  the  rheostat  to  200,  lie  k  guidea  ia  lus  da«age 
oj  a  fiMnUt'Tdiow  fluure9c<?nm?  of  the  tiibc. 

Qmmmm,  Bkii.  H.  A  MibdiMd  fluoMMWiM  of  tha  laa^am  hwniiptaw  ol  tha 
tube  ia  Ua  goida;  tbeneoomiaeatimatadbjrtbendataiMacfthats^MaeBqand 
with  tt  nairtaiue  between  the  nriine  aaadiwton  of  tha  ainnttar.  Ha  jiuOiita  tha 
healtlnr  parta  by  oiaana  of  Qro&be'a  X-ih  ML    Ba  baierca  that  an  atythi—  b 

iiiiiiiiiji  III  Iha  liint 1  iifell  iininirrriiil  liilniii 

:ich  makes  of  vacuum  tubea.  itu<l 

e  self -regulating  for  treuimeiit.     He 

t  from    4  to  12  inches.     He  employ* 

iinentation  only.     He  prott.'L'lK  lilt 

I   banilage   covered   with   lead'foil, 

;— (Jfficer  in   Charge  of  the   X-ray 

Depaitmnit  «l  the  Binafai^iain  Geunl  1Toi|<tal  and  late  of  the  Imperial  Yeoniani^ 
Hoanitab  In  South  Afriea — ha  haa  fomid  nothing  tu  ri^lieve  the  iminful,  chrunic 
darmatitii,  from  iriiieb  he  ia  a  eaOenr. 

H>nuRuran»,  J.  P.  Ha  naaa  hia  own  watar-ooolcd  interrupter  or  tlie  Kin- 
lalde,  the  nmnbacof.liitamqidaiia  in  eithw  beiiv  about  et]ual  to  the  Wehoelt.  He 
aaee  a  WJetr  of  vaeumn  tnbei^  anwnc  wUeh  nay  be  mentioned :  The  Queen,  Voli- 
'"LpMed^kUr,  WaiMr,  Bwatt  and  Lewia,  HOliar,  etc.     He  t«Ud  me  thai  he  pie- 

*^ VBlk^and  the  eaU-nnilatilW,  to  the  oamo-reguktiog,  variety.     For 

ana,  ha  nrinp  the  anode  aa  doaa  aa  possible  to  the  pan.  unless  the 

_  ia  TWy  large ;  in  daap  wated  eondltioM-.  ^.s  Uv,  n  vacuum  u.-<  »i1l  peite- 

□  the  desired  depth.  He  only  uses  lead  to  protect  special  parts,  such  as  the 
hair  ;  and  discontinues  treatment  at  a  commencing  erythema,  or  disappearance  of  tbe 
leeion.  He  believes  an  erythema  is  necessary  to  obtain  rapid  results,  or  to  remove 
hair.     It  is  his  aim  to  produce  erythenui  in  nearly  every  case. 

HoLDtNO,  A.  The  indication  to  discontinue  treatment  is  a  "slight  erythema." 
He  sa}«  that  "  a  slight  erythema  may  at  times  be  necessary  in  superficial  skin  lesions, 
but  even  then  it  is  to  be  avoided  if  po^ible."  He  believes  that  pmeniion  is  better 
than  all  the  cures  for  X-ray  dermatitis. 

KiENBucK,  Robert.  He  approves  of  tbe  Benoist-Walter  radiocliromoniet«r, 
average  penetration  4  to  6,  mostly  5.  He  usee  bis  quantimeter  in  conjunction  with 
Sabouraud'Noir^  radiometer  for  dosa^,  and  for  comparison  by  aKifici^  iUumination 
be  lakes  advantage  of  Scheiner's  benime  lamp.  He  believes  that  a  compJet«  treat- 
ment by  massive  doeee,  once  or  twice  monthly,  is  the  moat  effective  method.  He  it 
much  opposed  to  frequently  repeat«d  irradiations. 

LAQnBRRii^RE,  ALBERT.  The  miUiamperage  in  the  secondary  ia  measured  by 
GaifFe's  milliamperemeter,  the  length  of  the  spark  by  the  spintermeter.  The  pene- 
tration is  determined  by  the  radiochromometer  of  Benoist,  and  the  dosage  by  the 
radiometer  of  Sabouraud  and  Noir^.  The  occurrence  of  erythema  causes  him  no 
fear,  indeed  be  often  looks  for  a  certain  determinate  d^ree  of  it ;  he  believee  that 
its  likelihood  can  never  be  rigorotwly  excluded,  as  idiosyncrasy  plays  so  largely  the 
r61e.  He  asserts  that  an  erythema  ia  beneficia!  in  certain  renelliouB  eaaea  o{  lupus 
and  in  some  of  the  epitheliomata.  The  various  kinds  of  apparatus  deviaad  by  Gaiffe 
are  much  in  vogue  in  France. 

Leonard,  Chas.  L.  I^eonard  uses,  as  protec 
a  lead-glass  shield,  and  an  aluminium  screen.  He  bi 
the  disease  will  nut  yield  without. 

Morton,  Reginald.  He  advises  the  employment  of  tbe  Aflps-Newton  coil. 
He  finds  that  the  beat  resiUts  in  his  work  are  accomplished  by  two  t«n-inch  coila  and 
one  eighteen- inch.      He  estimates  his  dosage  by  the  apjde-^reen  color  of  the  tube. 
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with  the  anode  dull-red.  At  the  appearance  of  slight  dermatitis  he  discontinues  treat- 
ment. Nevertheless,  he  believes  that  the  more  severe  the  lesion,  the  more  necessary 
it  is  to  briuE  about  definite  but  not  severe  reaction.  Dr.  Morton  informs  me  that 
the  London  Hospital,  to  which  he  is  the  radiologist,  treats  the  superficial  cutaneous 
lesions,  including  rodent  ulcer,  in  the  department  of  dermatology  ;  cases  of  malignant 
and  constitutional  disease  are  cared  for  in  the  electrical  department  under  his  super- 
vision. 

Morton,  Wm.  J.  His  guide  in  dosage  is  the  fluorescence  of  the  tube  only.  He 
doubts  if  an  erythema  is  ever  really  necessary ;  asserting  that  in  three  weeks'  time 
a  mild  erythema  usually  develops,  followed  by  tanning.  He  employs  only  high- 
vacuum  tubes,  preferably  old  and  "  hardened  "  ;  these  giving  "a  'therapeutic'  X- 
ray,  in  contradistinction  to  the  qualitv  of  the  X-ray  best  adapted  to  making  a  good 
skiagraph.''    He  believes  that  his  method  is  much  safer  as  regards  X-ray  burns. 

Newcomet,  Wm.  S.  He  estimates  the  degree  of  vacuum  by  the  appearance  of 
the  tube  and  spark-gap.  He  believes  the  time  to  discontinue  treatment  is  when 
the  treatment  is  no  longer  needed,  and  that  an  erythema  is  not  necessary.  He 
remarks  that  the  occurrence  of  erythema  is  not  necessary — it  is  accidental. 

Pancoast,  Henry  K.  Pancoast  uses  the  mechanical  spring  interrupter  for 
therapeusis  ;  the  Wehnelt  interrupter  for  radiographic  work  ;  the  Queen  and  Gunde- 
lach  tubes  for  superficial  treatment  ;  the  Queen,  Macalaster  and  Wiggin  tubes  for  deeper 
work.  With  the  mechanical  spring  interrupter  and  a  24-inch  coil/ his  amperage  is  2 
to  3 ;  on  18-inch  coils  it  is  usually  more.  lie  estimates  the  vacuum  of  tne  tube  by 
ec|uivalent  spark  length  when  the  tube  is  known  to  be  reliable  and  constant ;  other- 
wise he  resorts  to  the  Henoist  scale  in  addition.  He  tells  me  that  his  average  length 
of  treatment  is  a  very  variable  quantity:  for  the  average  case  of  epithelioma,  10  to 
15  minutes  three  to  five  times  per  week.  He  protects  the  healthy  parts  by  the 
diaphragm  of  the  tube  shield,  lead-foil  or  wet  leather.  He  remarks  that  treatment 
should  be  discontinued  when  it  is  certain  that  the  condition  has  been  cured,  and  that  the 
production  of  an  erythema  is  a  poor  and  misleading  guide.  As  a  prophylactic  measure 
against  X-ray  dermatitis  alcohol  with  talcum  powder  or  stearate  of  zinc  is  recom- 
mended. The  above  will  also  answer  for  burns  of  the  first  degree,  or  an  evaporating 
lotion  of  lead  water  and  laudanum  mav  be  used  for  a  slight  dermatitis.  For  Durns  of 
the  second  degree  :  dry  powder  ;  lead  water  and  laudanum  ;  zinc  oxide  ointment ; 
or  picric  acid  solution  1-1000.  For  burns  of  the  third  degree  :  zinc  ointment,  or 
picric  acid  solution.  For  pain:  lead  water  and  laudanum  or  orthoform.  For  burns 
of  the  fourth  degree  :  the  same  ;  to  be  treated  more  as  a  surgical  condition.  Chronic 
ulceration  of  the  patient,  Pancoast  regards  as  a  surgical  condition.  In  some  cases 
picric  acid  has  l)een  satisfactory.  If  healinc  is  obstinate,  excise,  allow  the  ulcer  to 
neal,  or  skin  graft,  or  suture  the  edges  together. 

Pfahler,  G.  E.  He  employs  a  7-inch  Leeds  coil  and  a  number  of  coils  of  the 
Rdntgen  Manufacturing  Co. — 9-,  15-,  18-,  and  20-inch.  The  vacuum  tubes  that  he  pre- 
fers include  :  Heinze  and  Bauer,  Green  and  Bauer,  Miiller,  Friedlander,  Machlett, 
Macalaster  and  Wiggin.  He  is  of  the  opinion  that  a  dermatitis  or  toxtemia  is  a  danger 
signal  for  the  operator,  and  that  it  is  seldom  necessary  to  produce  an  erythema 
except  when  irradiating  suf>erficial  lesions. 

Price,  Weston  A.,  He  uses  a  large  number  of  coib,  interrupters,  and  tubes, 
but  fails  to  give  their  make  or  names.  The  distance  of  the  anode  from  the  patient's 
skin  varies  ;  usually  it  is  from  6  to  10  inches.  He  states  that  his  vacuum  tubes  also 
vary  very  much  in  superficial,  subcutaneous,  and  deep-seated  conditions.  "  For  my 
dental  work,"  he  writes,  "  I  use  very  high  amperage  and  very  high  penetration, 
modifying  these  with  different  conditions." 

RuDis-JiciNSKY,  J.  With  the  static  machine,  200  to  300  revolutions  per 
minute  for  therapy,  500  for  skiagraphy.  Length  of  spark-gap,  18  inches  (maximum). 
In  therapy  he  abo  employs  a  12-inch  coil  with  two  layers  of  primary  connection  in 
series  ;  interruptions,  10  per  second*  primary  current,  2^  amperes;  direct  current, 
110  volts.  For  superficial  lesions  he  is  guided  by  a  yellow-green  fluorescence  of 
the  tube;  for  deep  affections,  by  what  he  terms  "a  perfect  green."  He  varies  his 
length  of  treatment  "  accordins:  to  each  individual  case,  the  condition  of  the  patient, 
and  the  condition  of  the  tube."  He  informs  me  that  in  his  l)elief  all  "deep"  cases 
should  undergo  a  *'  tanning,  "  and  that  the  production  of  an  erythema  is  only  justifi- 
able in  a  few  obstinate  diseases. 
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RdstTOEx  Bat  Dermatitis 


What  i«  your  treatment  for  the  acate  and  chronic  forms  of  the  abore  ? 


Ill  the  acute  form,  a  non-irritating  unguent,  as  lanolin,  prevents  incrustation  and  is  strongly  recommended. 
F6r  deep,  sloughing  bums,  clear  up,  and  stimulate  with  the  galvanic  current.  If  rebellious  to  treatment, 
excise  and  skin  graft. 


This  depends  entirely  on  the  severity  of  the  dermatitis  and  the  idiosyncrasy  of  the  patient. 

Dtocontinue  treatment. 

Dry  heat    Simple  ointments,  sparingly.    Salicylic  collodion  for  scales;  for  ulcers,  argyrol  (20  to  90  per  cent. 
j     solution);  cover  latter  with  silver-leaf. 

I  have  none,  nor  do  I  know  of  any. 

Lime-water,  lanolin,  lard,  equal  proportions  (Dr.  C.  W.  Allen's  formula). 

Avoidance  of  the  X-ray  atmosphere.    For  acute  cases,  Liquor  Burowii  and  15  per  cent,  boracic  lanolin— 
nupenaion.* 

Kever  had  any  case  of  dermatitis  to  treat.    Have  nothing  specially  adapted  to  recommend. 

]  Varies.  If  superficial  and  painful,  I  use  liq.  plumb,  subacetat.  dll.;  much  pain,  lanolin  with  a  trace  of 
cocaine  and  surrounded  by  an  oleaginous  material  on  lint,  the  whole  protected  by  absorbent  cotton. 

Acute :  Cease  treatment ;  allay  itching  with  a  saturated  solution  of  sodium  bicarbonate.    Chronic :  Cleanse 
with  a  saturated  solution  of  potassium  permanganate  and  apply  plain  sterile  vaseline  on  sterile  gauze. 

-  For  the  acute  form,  a  lead  lotion.    Have  found  nothing  satisfactory  for  the  chronic  form.* 
Y 

-  Castor  oil  and  Basham  mixture. 

i  Acute:  Lanolin  and  picric  acid.  Chronic:  Excision  and  skin  grafting  for  ulceration.  Lanolin  in  cases  of 
parched  condition,  for  circulation  and  cutaneous  nutrition.  High-frequency  currents,  for  stimulation  of 
the  circulation,  locally. 

;  For  the  acute  form,  protection  from  air  and  mechanical  Injury. 

'  The  usual  methods  in  vogue. 

1 

The  lesion  should  be  unexposed  and  be  kept  away  from  the  rays.    The  application  of  a  thick  ointment  of  the 
oxide  of  zinc.    The  eSluve  from  a  high-frequency  machine. 

Stearate  of  zinc,  with  ichthyol  10  per  cent.,  to  prevent  and  allay  dermatitis  and  Itching.    For  chronic  cases, 
sterile  gauze  and  normal  salt  solution  with  orthoform  for  pain. 

Paint  the 
water,  i^^  «w —  .- 
or  eighteen  months. 

Cessation  of  irradiation.     Lead  lotion. 

Unolin.  • 

Heet  the  symptoms  as  they  arise,  the  same  as  you  would  in  any  other  condition. 

j  The  treatment  recommended  is  a  lengthy  one,  and  is  described  fully  in  the  addendum  {vide). 

Discontinue  X-ray  therapy.    Treat  as  any  other  bum.    Avoid  all  Irritating  applications. 

Olive  oil,  llsterlne,  and  bismuth  subnitrate,  equal  parts  of  each. 

I^ekin  has  been  relieved,  in  a  few  instances,  by  an  ointment  composed  of  ten  grains  each  of  orthoform,  resorcin, 
and  calomel,  in  one  ounce  of  cold  cream. 

Kg  active  treatment  ia  recommended.  Avoid  the  X-ray  atmosphere.  The  operator  is  advised  to  remain  In 
a  room  thirty  feet  from  the  tube,  and  to  place  himself  behind  an  iron  screen  one-fourth  of  an  inch  in 
thickness. 

^ad  no  occasion  to  employ  any.* 

Simple  dry,  or  absorbent,  aseptic  drenings.    Zinc  oxide  ointment. 

•^void  active  treatment.    Zinc  oxide  to  allay  the  itching. 

Acute :  Removal  from  the  exciting  cause ;  soothing  and  antiphlogistic  drugs  and  preparations.    Chronic : 
Avoid  the  rays,  developing  fluida,  and  cold  water ;  applv  hot  watex,  blawd  Miit^«cv\i^  vi^^  \&2^^  Xs^sgoc- 
frequency  currents.    For  deep  Bontgen  ulcers  apply  caiola  to  ftloxigb.  axi<^  \x«a\.  «taVy»X  ^s^jsycNsck.^ 


E&rt  with  an  aqueous  solution  of  resorcin  (25  per  cent.),  once  daily.    For  itching,  immerse  In  hot 
e  hotter  the  better.    In  the  chronic  form,  removal  of  the  patient  irom  X-ray  influence  for  a  year 
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In  order  to  facilitate  reference^  the  various  diseases  and  their  treat- 
ments are  grouped  under  four  headings, — X-rays  in  the  treatment 
of,  radium  treatment  of,  high-frequency  currents  in,  and  electricity  in 
diseases  of.  Thus,  in  stud3ring  the  action  of  the  Rontgen  rays  on  acne, 
the  reader  will  refer  to  X-rays  in  the  treatment  of  acne.  The  very 
arbitrary  and  artificial  division  of  the  headings  electricity  (faradism, 
galvanism,  static  current,  etc.)  and  high-frequency  currents  is  simply 
an  index  convenience. 


A 
Abbe,  his  statistics  on   renal  skia- 
graphy     353 

on  radium  strength  and  radium 

therapy 507 

Abrams,  on  the  causes  of  restriction 

of  the  diaphragmatic  wave 310 

Accelerator,  for  photography 223 

Accessories  to  the  static  machine ...     52 

Accumulators 41 

Action  of  light  on  plants 511 

of  the  X-rays  on  bacteria. .  389-394 

Acute  X-ray  dermatitis 400 

Adamson,  on  the  X-ray  treatment  of 

ringworm 450 

Advantages  of  fluoroscopy 213 

of  print  in  skiagraphy 231 

of  stereo-skiagraphy 251 

of  X-rays  in  the  differential  di- 
agnosis   of    complicated 

fractures 257 

in    the    treatment    of    tra- 
choma     487 

Albeis-Sch6nberg,  on  the  consump- 
tion of  tubes 198 

on  the  four  degrees  in  vac- 

uiun  tubes 195 

on  the  likelihood  of   X-ray 

dermatitis 402 

on  sterility  caused  by  the 

X-rays 412 

Alternating  current 45 

Ampere 37 

Ampere-hour,  definition  of 42 


Analgesic  action  of  the  X-rays 493 

Anatomy,  value  of  the  X-rays  in,  252-255 
Aneurisms,  aortic,  their  diagnosis  and 
differential  diagnosis    skiagraphic- 

aUy  333-335 

Apostoli  and  Oudin,  on  the  treatment 

of  X-ray  dermatitis 41 1 

Apparatus    and    method    of    X-ray 

therapy 420-427 

used  in  dental  skiagraphy 370 

Arm  bath 79 

Ameth,  on  the  blood-changes  induced 

in  leukffimia  by  the  X-rays 486 

Ascending  current 67 

Ausset  and  Bedart,  on  the  X-rays  in 

tuberculous  peritonitis 480 

Author's  cases  of  cerebral  skiagraphy .   28 1 
of   incipient  pulmonary  tu- 
berculosis   diagnosed    by 

the  X-rays 317,318 

of    mammary    carcinoma 

treated  by  the  X-rays  465-467 

examining  box 236 

head  rest  for  cerebral  skiagraphy  278 
method  of   irradiating  cases   of 

trachoma 487 

cases  of  uterine  cancer.   470 
of  skiagraphing  rectal  imper- 

foration 345 

of  treatment  of  chronic  X- 

ray dermatitis 409 

report  on  irradiation  of  cases  of 
epilepsy 495,  496 
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in  diseases  of  the  tho- 
rax  238-240 
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of  mevus 446 

of  pruritus  ani  and 

vulvae 455 

of  psoriasis.  . .  456,  457 
of  senile  leg  idcers .   457 

of  sycosis 454, 455 

of  varicose  veins. . .   457 
of  xeroderma   pig- 
mentosum . .   456, 457 
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